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Gold Creek has been identified as a major source of phosphorus to the nutrient-impaired 
Clark Fork River. This watershed assessment is a follow-up to a study that found that the 
primary source o f the phosphorus in Gold Creek was one of its tributaries, Griffin Creek. 
Selected aspects of Griffin Creek’s water quality, riparian and physical condition were 
studied to document current conditions and identify potential sources of impairment and 
restoration needs. Riparian assessments involved riparian vegetation and streambank 
stability surveys. The physical assessment documented substrate composition, channel 
morphology, in-stream temperature fluctuations, and stream discharge. Water quality 
assessments addressed nutrient and sediment levels and loads at two sites on Griffin 
Creek and seven other sites throughout the Gold Creek basin. The upper reaches of 
Griffin Creek were dominated by beaver ponds and showed healthy riparian vegetation 
and stable channel conditions. The lower three-fourths of Griffin Creek exhibited 
riparian and channel conditions damaged by grazing, flow manipulation, and beaver dam 
removal. Griffin Creek continues to be a major source of nutrients to Gold Creek and 
exhibits nutrient concentrations that exceed water quality standards set for the Upper 
Clark Fork River. However, Griffin Creek is unlikely to be impaired by nutrients since 
its fine substrate will not support massive algae growths. Recommendations are made for 
actions likely to improve the condition of Griffin Creek and reduce its loading to 
impaired waterbodies downstream.
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Introduction
In 1991, the Montana Department of Environmental Quality concluded that the Clark 
Fork River o f western Montana was impaired by excess nutrients and algae and that Gold 
Creek, a tributary of the Clark Fork, was a major source of phosphorus. A high 
percentage of the total phosphorus coming from Gold Creek was in the highly 
bioavailable soluble form. In fact, Gold Creek was found to have the “highest areal 
dissolved inorganic P load of all the upper Clark Fork River’s tributaries” (Ingman 1991). 
Hence, addressing the algae problem in the Clark Fork required addressing the nutrient 
sources in Gold Creek.
In 1990, Carey undertook a study of the Gold Creek watershed to identify the sources of 
P in that watershed. Before Carey’s study, the sources of phosphorus were thought to be 
mainly certain P-rich geological formations that outcropped in Gold Creek’s headwaters 
(Phosphoria formation) or Tertiary lake beds that underlay the creek valley. In addition, 
cattle that grazed in the watershed were a suspected source. Carey’s results showed that 
neither the Phosphoria formation nor cattle wastes were likely to be an important source 
and suggested that the phosphorus came from another unidentified geological source that 
enriched the groundwater with P. This P-rich groundwater was forced to the surface 
when it reached the lake beds due to their low permeability. Carey also found that much 
of the phosphorus in Gold Creek came from one of its tributaries, Griffin Creek, where 
irrigation practices and grazing practices destabilized P-rich stream banks.
Under the Clean Water Act of 1972, states must assess the condition of all state streams 
and rivers and list as “impaired” those that do not fully support their beneficial uses.
Both the Clark Fork River and Gold Creek are listed as impaired because they do not 
fully support the following beneficial uses: aquatic life support, cold-water fishery 
(trout), recreation, and drinking water supply. Possible causes of these impairments 
include: metals, habitat alterations, dewatering, flow alteration, and nutrients. Probable 
sources are: resource extraction, abandoned mine tailings, agriculture and other crop- 
related sources. Griffin Creek has not been assessed for impairment of beneficial uses 
(Pipp, pers. comm.). A coalition of conservation districts of the upper Clark Fork basin, 
the Watershed Restoration Coalition, is attempting to gather information on the upper 
river’s watershed to guide watershed restoration and conservation efforts. This thesis is 
intended to aid their efforts.
study Purpose and Objectives
This study focuses on the Griffin Creek watershed and examines whether the high 
nutrient loadings measured by Carey and the land use practices that contributed to them 
still occur. In addition, this study summarized existing information and new field studies 
in the Griffin Creek watershed with a view to assessing its nature and condition. Because 
a larger study of Gold Creek took place at the same time as the study o f Griffin Creek, 
relevant findings from the Gold Creek study are related to the Griffin Creek findings. 
Finally, this study recommends actions that could be taken to improve the condition of 
Griffin Creek and to reduce its nutrient loadings to Gold Creek and the Clark Fork River.
Study objectives are:
Summarize and identify gaps in available, relevant information on the Griffin 
Creek watershed;
Describe channel morphometry and substrate composition of Griffin Creek 
and classify its channel using the Rosgen channel classification system;
Assess the condition of Griffin Creek’s riparian area;
Characterize selected aspects of Griffin Creek’s general water quality and 
compare to water quality standards;
Determine whether Griffin Creek is still a major source of bioavailable 
phosphorus to Gold Creek and ultimately to the Clark Fork River;
Assess whether beneficial uses o f Griffin Creek are impaired;
Determine whether land use practices that Carey concluded contributed to this 
excess loading are still in practice;
Summarize any existing watershed restoration and conservation projects in 
Griffin Creek;
Recommend actions likely to improve the condition of Griffin Creek and/or 
reduce its nutrient loading to Gold Creek.
study Design 
Study Area
Griffin Creek lies between Drummond and Deer Lodge, Montana, about 30 miles west of 
the continental divide. Originating from springs in the foothills of the Flint Creek Range, 
this perennial creek flows northeast for approximately 5 miles before entering Gold 
Creek, a tributary of the Clark Fork of the Columbia River (Figure 1). The majority of 
the Gold Creek basin, including the Griffin Creek basin, is privately owned (Figure 2).
Locating Available Watershed and Stream Information
To put my fieldwork in a watershed context, I assembled available relevant information 
on the Griffin Creek watershed. Much of the information was found through the 
Montana State Library’s Natural Resource Information Service (NRIS), a clearinghouse 
for Montana’s natural resource and geographical information. The NRIS website
provides links to other state and federal agencies with information on climate, soils, and 
land use. The websites I used as sources of information are listed in table 1 :
Table 1 — Watershed information sources on the internet
Climate Western Regional Climate Center www.wrcc.dri.edu
Soils Natural Resource Conservation Service’s Soil 
Data Mart
soildatamart.nrcs.usda. gov
Land
use
Natural Resource Information Service of the 
Montana State Library
nris.state.mt.us
In addition, Griffin Creek is part of the lower Gold Creek watershed, and considerable 
information on the latter has been summarized by (KirK Environmental 2004).
Mapping of Watershed Soils and Land Use
Soil characteristics and land use information were obtained from the Soil Data Mart 
website and the NRIS web site, respectively. Both were mapped using ArcGIS.
Field Assessment -  Rationale for Sampling Locations, 
Parameters & Timing
The fieldwork in this study concentrated on characterizing the nature and current 
condition of Griffin Creek as well as its contribution of nutrient & sediment loads to Gold 
Creek. Hence the study used a variety of assessments, including channel morphometry 
and riparian condition assessed at several points on the creek, and seasonal flows & 
selected water quality parameters measured at two points on the creek. These seasonally 
variable parameters were measured during the summer growing season and fall baseflow 
conditions. The timing of these seasonal parameters was not ideal due to difficulties 
obtaining permission to access the creek. Ideally, flows & water quality would have been 
collected throughout the seasonal hydrograph. However, due to funding limitations and
access problems, flows were measured at one point in the upper creek and another point 
near the mouth on June 12, July 2 & 29, August 13 & October 17 (Figure 3). Water 
quality was measured at the same places and times as flows except that no water quality 
data were collected in August. It was thought that water column water quality problems 
stressing the fishery were most likely to be evident during the time of highest summer 
temperatures (which are often in late July in this region). In addition, nutrient levels that 
contribute to stream algae problems are o f greatest concern during the main season of 
algal growth (after scouring flows stop and throughout the summer) while nutrient & 
sediments loads are likely to be greatest during the periods of highest flows (in spring). 
October baseflow water quality and chemistry were characterized to provide a general 
understanding of the stream’s major ion chemistry when less influenced by highly 
variable surface flows. Since spring peak flows were not sampled (only the falling 
hydrograph in June), the total suspended sediment samples that were collected do not 
reflect the highest TSS levels likely to be seen in this creek. However, it was thought that 
the two samples taken along the creek (coupled with walking the creek) might help to 
identify sediment sources along the creek even though the periods of greatest sediment 
transport were not sampled. On the dates that flows & water quality samples were 
collected, loads for sediments and nutrients were estimated.
Water quality field measurements included pH, conductivity & temperature. Water 
samples were collected for laboratory analysis for total suspended sediments (TSS) and a 
suite of nutrient forms (nitrates/nitrites, total kjeldahl nitrogen, soluble reactive 
phosphorus and total phosphorus). Nitrogen and phosphorus are the two nutrients most
often limiting algal growth in freshwater ecosystems (Naiman 1998). The state of 
Montana has adopted instream nutrient standards for the Clark Fork (Administrative 
Rules o f Montana 17.30.631) based on total P and total N (estimated by adding 
nitrates/nitrites plus total kjeldahl N). However, because the soluble forms of N & P are 
the forms actually taken up by algae, these soluble forms are also monitored in the Clark 
Fork basin. As mentioned in connection with suspended sediments, since this sampling 
scheme did not necessarily catch the highest flows, it is unlikely that it sampled the 
highest levels of the particulate forms of P & N. Because of the small number o f sample 
dates, Griffin Creek’s contribution to sediment and nutrient loads in Gold Creek and the 
Clark Fork were only assessed on the actual sampling days, and not for the annual load.
In addition to the stream temperatures taken during grab sampling, instream data loggers 
were used to measure continuous instream temperatures at the mouth of Griffin Creek 
and in Gold Creek above and below the confluence with Griffin Creek from early July to 
mid September. These data are useful in evaluating whether summer stream 
temperatures are stressful to the cold-water fishery and to assess whether Griffin Creek’s 
thermal load measurably affects Gold Creek temperatures.
Finally, during October baseflow conditions, water samples were analyzed for a suite of 
major ions— alkalinity, chloride, sulfate, potassium, calcium, magnesium, sodium, 
sodium absorption ratio, and total hardness. The other water chemistry parameters (pH, 
conductivity) helped define the nature o f Griffin Creek.
Stream channel morphology and riparian conditions were not expected to vary over the 
period of this study and were assessed once in August 2004. Channel morphology was 
measured at only four transects along the creek, while riparian condition was assessed by 
walking the entire stream corridor. None o f the channel morphology transects were in 
the upper half of the 5-mile long creek. The most upstream transect was about 2.5 stream 
miles above the mouth, the next was about one stream mile above the mouth, and two 
more transects were near the mouth: one about 100 feet from the mouth and a second 
about 300 feet upstream. These two transects were positioned close together to describe 
channel morphology above and below a nick point. These three locations on the lower 
half of the creek were thought sufficient to represent the lower part o f the creek. 
Morphology was not measured in the upper half o f the creek because there was not an 
identifiable stream channel due to the presence of beaver ponds. The exact locations of 
the transects depended on access and on an attempt to select a cross section that looked 
typical of the surrounding reach.
This Griffin Creek study was part of a larger Gold Creek basin study (KirK 
Environmental 2004), and some of the needs of the Gold Creek study resulted in 
compromises on ideal timing and sample location for the Griffin Creek study.
Field and Laboratory Methods 
Physical morphology of stream channels
Stream channel morphology was classified using the Rosgen system, which places 
streams into different channel classes based on channel characteristics such as sinuosity,
entrenchment, and substrate. This method is widely used and respected by state and 
Federal land management agencies (Payne, pers. comm.). Channel measurements were 
taken at four sites along the creek —one about halfway up this 5 mile stream, two near the 
mouth, bracketing a nick point, and one about half way between (Figure 8). Exact 
locations depended on available creek access.
Channel morphology measurements included floodplain width, and bankfull width, 
depth, and width to depth ratio. Sinuosity was determined by finding the ratio of stream 
length versus valley length by pacing off these distances in the field. Stream slope was 
measured using a clinometer. Sinuosity and slope were based on a 100 meter long reach. 
Substrate composition was based on the intermediate axis length of 100 pebbles collected 
by randomly selecting 10 pebbles at 10 reach cross sections spaced 10 meters apart.
Riparian Habitat and Condition
The condition of the riparian habitat along Griffin Creek was assessed using a method 
developed by the Riparian and Wetland Research Program (RWRP) of the University of 
Montana (Fitch et al 2001) and used by the NRCS and some state agencies throughout 
Montana and Alberta (Payne pers. comm.). The riparian assessment for Griffin Creek 
was assisted by Tom Pick, Water Quality Specialist o f the Natural Resource and 
Conservation Service’s Bozeman office. The RWRP methodology divides a creek’s 
riparian habitat into “polygons” or areas of similar characteristics and management plans. 
To inventory riparian health, Griffin Creek was divided into seven polygons based on 
ownership boundaries and where land management changed (Figure 9). The “health” of
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a riparian area can be defined as its ability to perform appropriate and normal functions 
(Hansen et al 1995). A stream polygon can be classified as: “functional,” supporting and 
performing all its functions; “functioning-at-risk,” many riparian functions are still being 
performed, but the area is showing signs of stress; and “non-functional,” where most 
riparian functions are impaired, have been lost entirely, and/or the stability of the reach 
has been compromised. Riparian health or condition is based on scores given for the 
following factors:
Vegetative Characteristics
• Abundance o f vegetative cover on floodplain and streambanks
• Presence and abundance of invasive plant species
• Presence and abundance of disturbance-increaser/undesirable herbaceous 
species
• Abundance o f preferred tree and shrub establishment and regeneration
• Utilization of preferred trees and species
• Presence and abundance of standing decadent and dead woody material
Soil/Hvdrologic Characteristics (visual estimates of percent o f area)
• • Streambank root mass protection
• Human-caused bare ground
• Streambank structurally altered by human activity
• Presence of pugging and/or hummocking
• Extent of stream channel entrenchment (vertical stability)
The riparian assessment method is explained on Bitterroot Restoration’s website (2004). 
Data were summarized on a short lotie health form (see Appendix A for forms used).
stream Discharge
Stream discharge and water sampling began in mid-June 2003. I would have preferred to 
start earlier and measure the rising hydrograph; unfortunately, funding was not available 
until June. Discharge was measured at numerous points throughout the Gold Creek basin 
(Figure 3). These sites were selected where the channel was easily accessible, and where 
the channel was as straight as possible and had a regularly shaped cross section, for easier
and more accurate discharge calculations. Water velocity was measured using a Price 
AA flow meter, a Pygmy flow meter, (both of which were tested with a spin test before 
each use) or a Marsh-McBimey Portable Water 20ID Current Meter (factory-calibrated 
within the past year). Measurements were made at regular intervals across the stream and 
at a depth of 60% from the top of the water column. Each velocity measurement was 
integrated over 20 seconds. Discharge was calculated from velocities and cross sectional 
area according to the methods in National Handbook o f  Recommended Methods fo r  
Water Data Acquisition (USGS 1977).
Continuous Instream Temperature
Temperature data loggers were placed at the mouth of Griffin Creek (gc9) and on Gold 
Creek upstream (GC8) and downstream (GCIO) of the confluence with Griffin Creek 
(Figure 3). These data loggers recorded stream water temperature every 15 minutes from 
3 July to 16 September except for the data logger placed near the mouth of Gold Creek, 
which was placed 22 July.
Water Sample Collection and Analytical Methods
There were nine water sampling sites throughout the Gold Creek watershed (Figure 3). 
Water samples for most parameters were collected at a single transect as grab samples in 
the deepest part of the channel. Water samples for total suspended solids, were collected 
using a USGS standard DB 48 sampler) according to USGS methods (USGS 1977). All 
sample bottles and syringes for filtering were acid-washed in a solution of 10% HCl and
10
90% deionized water. Each collection bottle was rinsed with stream water three times 
before sampling. The sample was collected by lowering the uncapped bottle from the top 
of the water column to the bottom until the bottle was full. Samples requiring filtering 
(those being tested for soluble reactive phosphorus or SRP), were filtered through 0.45- 
micron membrane filters with a glass fiber prefilter. Water samples for kjeldahl nitrogen, 
nitrates/nitrites, and total phosphorus were preserved with 1ml sulfuric acid. SRP 
samples were not chemically preserved. All samples were kept on ice or refrigerated 
until analyzed within about 30-45 days of collection. Each sampling run also included a 
field blank and a duplicate of one site. The October water sample collection included a 
raw sample analyzed for major ions. An additional sample was collected for metals and 
preserved with nitric acid. The Montana Department of Health and Human Services 
Environmental Laboratory performed all the water quality analyses except for metals 
analyses. Water samples were analyzed for metals by Alpine Analytical, Inc. Both 
laboratories have an EPA-approved QA/QC (quality assurance/quality control) plan for 
these analyses. The methods used to analyze water samples are listed in Table 2.
Table 2 -  Methodologies used to analyze water samples
Test Performed Methodology
Nitrate plus Nitrite as N EPA 353.2
Total Kjeldahl Nitrogen EPA 351.1
Soluble Reactive Phosphorus EPA 356.1
Total Phosphorus EPA 365.1
Total Suspended Sediments SM 2540 D
Chloride, Sulfate EPA 300
Potassium, Calcium, Magnesium, Sodium, 
Sodium absorption ratio. Hardness
EPA 200.7
Cations, Anions SM 1050 A
Alkalinity, Carbonate, Bicarbonate SM 2320 B
11
Results and Discussion
Description of the Griffin Creek Watershed
Climate
Long, cold winters, moist springs, and warm, dry summers characterize the Griffin Creek 
area (figures 4 and 5). Griffin Creek watershed elevations range from 1319 meters (4326 
feet) at the creek mouth to 1746 meters (5730 feet) at its highest point (USGS 2004). The 
nearest weather station is 15 miles away at Deer Lodge (elevation: 1484 meters or 4870 
feet), where the 1959-2004 average temperature was 40.8 T  and annual precipitation was 
10.5 inches. The year of the study 2003 was warmer and drier than the long term 
average, with an average temperature of 43.4°F and annual precipitation of 8.0 inches 
(Western Regional Climate Center WRCC 2004a & b). A weather station with an 
elevation more similar to the upper Griffin Creek watershed is the Phillipsburg Ranger 
Station (elevation: 5270 feet; about 20 miles from the study area) where the 1955-2004 
average temperature was 41.4T and annual precipitation was 14.7 inches (WRCC 2004c 
& d). The year 2003 had a similar average temperature but 3 inches less precipitation.
Geology
The Gold Creek watershed is underlain primarily by Paleozoic to Recent-aged rocks, and 
drains the northeast end of the Flint Creek range, a series o f Tertiary granitic plutons 
(Carey 1991). Griffin Creek’s source is found where the Cabbage Patch lake beds (the 
remains of a basin fill 625 meters thick) meet Cretaceous rock (Rasmussen 1977).
Quartz, calcite, and montmorillonite are major constituents of these bench-forming 
deposits (Swanson 1973). Outcropping in the Clark Fork River basin from Gold Creek to 
Flint Creek, the deposits are present in much of the subsurface of the Deer Lodge and 
Flint Creek valleys (Rasmussen 1977).
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Rasmussen (1977) designated the Cabbage Patch Formation as the “Tertiary strata in the 
Flint Creek Basin consisting predominantly of tuffaceous mudstones and siltstones, 
arkosic sandstones, and minor beds of conglomerate, clay, marl, diatomite, and lignite, 
and bounded by angular or erosional unconformities.” These strata are distinct from the 
underlying unnamed strata (distinguished by “their contents of devitrifred volcanic glass 
shards, intervals of thin-bedded shales and paper shales which include abundant 
astracodes and plants, and beds of freshwater limestone”) and from the overlying Tertiary 
Flint Creek and Barnes Creek Formations. The latter contain “beds o f massive light 
yellowish brown tuffaceous siltstones and sandstones, and coarse gravels.” In addition, 
the Cabbage Patch Formation is easily erodable and tends to “produce grassy, soil- 
covered, subdued landscapes.”
Carey suggests that much of the phosphorus in Gold Creek comes from P-rich 
groundwater moving “into the lower basin through either Quaternary sediments or 
through the Paleozoic and Cretaceous sediments, [surfacing] when it contacts the lake 
beds because of their lower permeability” (Carey 1991, p. 88).
Soils
The three nuost common soil types in the Griffin Creek watershed are the Danvers clay 
loam (about 50% o f the area), Roy-Shawmut-Danvers Complex (about 12%), and the 
Bignell gravelly clay loam (about 10%). The soils are mapped in Figure 6, and the areas 
were estimated using the NRIS (2004) digital atlas and a half mile buffer along the creek. 
These soils are described below while the other soils in the basin are described in
13
Appendix C. The soil descriptions are paraphrased from the Soil Data Mart, an online soil 
information service of the Natural Resources Conservation Service (2004).
The Danvers clay loam series represents most of the Griffin Creek watershed and consists 
of deep, well-drained soils that formed in alluvium and colluvium, or loess from mixed 
rock sources. Danvers soils are used mainly for dryland production of small grains, 
native range, and pastureland. Potential native vegetation is mainly western wheatgrass, 
blue gramma, needle-and-thread, and prairie junegrass.
The Roy, Shawmut and Danvers series consists of soils that formed in alluvium and 
colluvium, or loess from mixed rock sources. All three types are used for rangeland and 
dryland crops. Potential native vegetation is mainly western wheatgrass, bluebunch 
wheatgrass, blue gramma, needle-and-thread, prairie junegrass, Idaho fescue, blue grasses 
and other forbs and shrubs. This series is mainly found lining the lower three miles of 
Griffin Creek.
The Bignell soil series is composed of deep, well-drained soils formed in alluvium and 
colluvium from Tertiary sediments. These soils are characterized by slow-permeability 
and are used for timber production, wildlife habitat and in watersheds. The native 
vegetation is coniferous forest.
The Griffin Creek watershed's soils are quite different from the rest o f the Gold Creek 
watershed. Griffin Creek’s watershed is dominated by the deep, well drained Danvers
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clay loam while the Gold Creek watershed is dominated by the Tetonview-Blossberg 
series which are deep, poorly-drained soils.
Land Use
Land use along Griffin Creek consists of mixed rangeland with a few upland pastures or 
hay crop fields and evergreen forests in headwaters (Figure 7). Livestock grazing has 
affected all parts of Griffin Creek. Certain land use practices, such as the intense grazing 
that occurs along Griffin Creek, can increase nutrient loading, significantly affecting the 
ecological function of nearby water bodies as well as altering their hydrologie structure 
and function (Peterjohn and Correll 1984; Sanctuary 2002). Changes in channel 
morphology and streamside vegetation may influence water quality and ecological 
integrity downstream. Best management practices and improvements in riparian zones 
and stream channels can provide ecological benefits as well as improvements in 
recreational and agricultural uses (Peterjohn and Correl 1984).
Current Conservation Projects
There are no current conservation projects being planned or currently under 
implementation in the Griffin Creek or Gold Creek watersheds by the NRCS (Green, 
pers. comm.). However, according to Scott Payne, consultant to the Watershed 
Restoration Coalition, this local water group hopes to start some projects on Gold Creek 
soon (Payne, pers. comm.).
15
Field Assessments of Griffin Creek 
Channel Morphology and Rosgen Classification
The morphological characteristics measured in Griffin Creek included width/depth ratios, 
entrenchment ratios, channel substrate, slope and sinuosity. These measurements were 
used to assign Rosgen classifications to sites along Griffin Creek (Table 3 and Figure 8).
Table 3 -  Rosgen classification for sites along Griffin Creek
Site
The Nature 
Conservancy
above
corral lower griffin 1 lower griffin 2
N46.55/ N46.56/ N46.56/ N46.56/
Latitude/longitude W-112.98 W-112.94 W-112.93 W-112.93
entrenchment
ratio 3.8 1.2 2 1.8
width/depth ratio 3.7 5.4 4.9 6.25
Sinuosity 1.2 1.1 1.5 1.3
Slope 2 1.5 4 4
dominate bed 
material silt silt cobble coarse gravel
stream type E6 G6c B3a B4a
Miles from mouth 2.5 1 -0 .2 -0.1
A series o f beaver ponds stretched from the upper Griffin Creek water-sampling site 
(gc4) to the Nature Conservancy (TNC) site. This area was characterized by good quality 
riparian vegetation and stable banks. Channel morphology and Rosgen classification 
were not determined in this reach because there was no identifiable stream channel due to 
the presence of beaver ponds.
The most upstream site characterized was about 2.5 miles upstream from the mouth on 
The Nature Conservancy's land (TNC) and was characterized by a low gradient or slope 
and by a high entrenchment ratio, which corresponds to a low level of entrenchment.
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This site was a meandering riffle-pool channel with silt-dominated bed material, 
indicating a channel typing of E6. The banks had extensive reaches that appeared to be 
destabilized by cattle damage, which could explain one source o f the sediment deposition 
seen in this area.
The next downstream reach evaluated was about 2 stream miles farther downstream and 
one mile from the mouth just above a series o f old corrals. This reach showed extensive 
mechanical damage apparently due to removal o f a beaver dam (Pick, pers. comm.). This 
reach exhibited a deeply entrenched gully with step-pool morphology and was unstable 
with a high probability of bank erosion. The dominant bed material was silt, giving a 
final stream typing o f G6c.
About one stream mile downstream, near the mouth of Griffin Creek, two reaches were 
evaluated that were 300 feet apart, bracketing a nick point. Both reaches were riffle- 
dominated with infrequent pools and were classified as B channels (moderate 
entrenchment and gradient). However, the reach above the nick point was classified as a 
B3a channel because o f its finer substrate. The reach below the nick point was classified 
as a B4a channel because it was contained between steep walls, was highly entrenched, 
and was dominated by larger bed material. The streambed below the nick point was 
about one meter lower than the bed above the nick point. It is likely that the coarse 
material revealed by erosion was once covered with finer material that settled on the area 
when beaver dams trapped more sediment. The downcutting of Griffin Creek is thought
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to be a response to the downcutting of Gold Creek which has a nick point moving 
upstream at a point upstream of its confluence with Griffin Creek.
Looking at Griffin Creek’s morphology, there appears some evidence that the creek has 
been structurally altered by human activity. While the upper quarter, above TNC’s site, 
is currently characterized by a series of beaver ponds, the lower three-quarters of Griffin 
Creek lack beaver ponds probably because of human removal. In addition, as the next 
section shows, the lower reaches are heavily influenced by cattle damage and the 
importation of irrigation water from Gold Creek close to Griffin’s mouth.
Riparian Habitat Condition A ssessm en t
Griffin Creek was divided into seven polygons based on ownership boundaries and 
differing management (Figure 9). Out of the seven polygons, only two (A and B) had an 
RWRP rating above 80% of the highest possible score of 57 and were considered 
functioning (Table 4). Two polygons (E and G) had an RWRP rating between 60% and 
80% and were considered functional-at-risk. Three polygons (C, D, and F) had RWRP 
scores lower than 60% and were therefore considered non-functional. Overall, the 
middle reaches of Griffin Creek exhibited poor riparian health both in their vegetative 
scores, as well as in their soil/hydrology regimes (Appendix B). Each polygon is 
discussed below. Pictures of these polygons can be found in Appendix H.
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Table 4 — Riparian Condition for Griffin Creek, summer 2003 (based on RWRP methodology)
RWRP
Polygon
Latitude/
Longitude
(upstream
end)
Vegetation 
Subtotal 
(27 poss)
Soil/Hydrology 
Subtotal (30 
poss)
Actual
Score
Score = 
Total/57*100 Rating
Polygon
A
N46.544/ 
W-112.985 22 29 51 89% Functional
Polygon
B
N46.548/ 
W-112.977 28 27 49 86% Functional
Polygon
C
N46.548/ 
W-112.976 11 16 27 47%
Non-
Functional
Polygon
D
N46.549/ 
W-112.964 9 19 28 49%
Non-
Functional
Polygon
E
N46.555/ 
W-112.954 13 22 35 61%
Functional-
at-risk
Polygon
F
N46.556/ 
W-112.946 12 22 34 60%
Non-
Functional
Polygon
G
N46.557/ 
W-112.943 16 22 38 67%
Functional-
at-risk
Polygon
H
N46.557/ 
W-112.942 26 27 53 93% Functional
Polygon
1
N46.563/ 
W-112.928 14 19 33 58%
Non-
Functional
Polygon A — owned by The Nature Conservancy, not currently grazed, dominated by 
beaver ponds
This polygon scored the highest of all seven polygons (89%) indicating its high quality 
riparian zone. The high vegetative and soil/hydrologic scores suggest good conditions 
throughout the reach. The reach was characterized by a series of large beaver ponds and 
their associated upstream wetland meadows. (For a discussion of the importance of 
beavers to a western stream, please see Appendix E.) There was evidence of recent 
intense elk grazing on red-osier dogwood and beaver foraging. Exotic spotted knapweed 
{Centaurea biebersteinii) was present on the uplands as well as Canada thistle {Cirsium 
arvense). There was evidence of an old diversion, but that had long been in disuse. The 
standing decadent and dead woody material present was likely caused by extensive 
flooding associated with beavers. This polygon appeared to be a black
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cottonwood/herbaceous {Populus trichocarpal\iQxhsiCQOus) climax habitat type. A spring 
enters from the west side of the polygon.
Polygon B — private land; currently grazed, below beaver ponds 
This very short polygon was characterized by an end to the series of beaver ponds that 
characterized polygon A and evolution into a defined stream channel. The exotic species 
present were spotted knapweed and Canada thistle. Ther^ was a slight channel incision 
due to hoof shear. This polygon was considered “functioning” (scored 86%).
Polygon C -  private land; heavily grazed
With a score of 47%, this polygon had the lowest score of all Griffin Creek polygons and 
a rating of “non-functioning”. A high level of livestock pressure was evident. The 
streambanks had extensive mechanical damage with hoof shear and streambank 
trampling. There was also evidence of intense cattle grazing and a decrease in streamside 
shade. The upstream section o f the reach had evidence o f old beaver ponds while the 
downstream section had a beaver dam complex that appeared to be active. The area with 
the present day beaver ponds appeared to have greater bank stability. The density and 
coverage of invasive species, spotted knapweed and Canada thistle, was greater here than 
in upstream polygons. There was also an increase in disturbance-increaser species. Very 
little establishment and regeneration of preferred species was evident, and the stream 
channel was slightly entrenched.
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Polygon D -  private land; heavily grazed
This polygon also scored very low (49%). Like Polygon C, this stream reach was 
characterized by extensive livestock damage. No establishment and regeneration of 
preferred tree and shrub species was taking place. In addition to spotted knapweed and 
Canada thistle, invasive species included hound’s tongue {Cynoglossum officinale). 
Streambanks were heavily trampled with widespread pugging and hummocking.
Polygon E -  private land; not currently grazed
Polygon E was characterized by an increase in vigorous vegetation compared with the 
two previous upstream polygons. With an RWRP rating of 61%, polygon E was 
classified as “functional-at-risk”. There is evidence o f historical grazing, but with 
numerous willow and alder seedlings and saplings, the reach appears to be stabilizing.
Polygon F — private land; heavily grazed
This polygon received a “non-functioning” RWRP rating. With a score of 59%, polygon 
F was characterized by a high coverage and density of invasive plant species such as 
hound’s tongue, Canada thistle, and spotted knapweed, as well as disturbance-increaser 
species such as Common burdock {Arctium minus), and common dandelion (Taraxacum 
officinale). There was continued evidence of livestock damage to the riparian area. The 
stream channel was slightly entrenched with additional evidence of pugging and 
hummocking.
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Polygon G — private land; old corral on creek
This very short polygon was characterized by extensive cattle damage and scored 67%. 
There was also evidence of human activity in and along the streambanks as there 
appeared to be evidence of mechanical removal o f a beaver pond. On the downstream 
end of the polygon, there was an old cattle corral straddling Griffin Creek. The 
disturbance of removing a beaver pond has contributed a considerable amount o f fine 
sediment to the stream bottom.
Polygon H — private land; thick riparian growth fed by extra irrigation water in creek 
In contrast to the adjacent upstream polygon, this polygon’s riparian vegetation was 
extensive and dense. With a rating of 93%, this riparian area appeared to be fully 
functional. Willows and sedges lined the streambanks. The stream itself was deep and 
had the appearance o f an irrigation ditch. The amount of water in the stream at this point, 
appeared much higher than upstream sections. Groundwater and additional water 
brought from Gold Creek appeared to contribute to the wetland conditions surrounding 
Griffin Creek throughout this polygon. A series o f irrigation pipes cross Griffin Creek 
along this polygon. Similar to Carey’s observation in 1991,1 and my field assistant noted 
that some of the irrigation water taken from Gold Creek was released into Griffin Creek.
Polygon I — private land near creek mouth; contains nick point
In sharp contrast to the adjacent upstream polygon, this final polygon, from Gold Creek 
road to the confluence of Griffin Creek with Gold Creek, scored a low rating of 58%. 
There was extensive coverage by invasive species, most specifically, knapweed, Canada 
thistle, and burdock. The most drastic entrenchment of Griffin Creek occurs at the mouth
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where it enters Gold Creek. Griffin Creek, at this point is in a deep trench, having no 
access to its floodplain. There is a nick point approximately in the middle of the polygon 
that is slowly making its way upstream as Griffin Creek’s bed cuts down to meet Gold 
Creek’s bed. This extensive incisement almost certainly adds a considerable amount of 
sediment to Gold Creek and ultimately to the Clark Fork River.
Stream Discharge
Griffin Creek discharge was measured at two sites, gc4 and gc9, in order to better assess 
nutrient and sediment loads (Figures 3 and 10). At the same time, discharge 
measurements were taken throughout the Gold Creek watershed (GCI-GCIO) providing a 
context for the Griffin Creek measurements. Discharge was measured 5 times (about 
every three weeks) between 12 June and 17 October 2003. The highest discharge 
measured during this study occurred in early June for the upstream site on Griffin Creek 
(site gc4), and in mid-July for the downstream site (gc9). Both sites reached baseflow by 
mid-August. The high flow at gc9 at the beginning o f July could be attributed to an 
influx of irrigation water from Gold Creek which was seen being released into Griffin 
Creek in the middle of Polygon H (Figure 9). The lower sampling point on Griffin 
Creek, gc9, clearly has an unnatural flow regime that may have altered the morphology 
and riparian vegetation in lower reaches of Griffin Creek.
The Gold Creek watershed’s summer discharge showed a typical falling hydro graph.
The peak probably occurred sometime before sampling began at the beginning of June, 
and discharge reached baseflow by mid-July (Figure 11).
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Continuous instream  Tem perature
During the summer of 2003, temperature data loggers were placed at six locations in 
Gold Creek and its tributaries. Data from three of these locations are presented here — the 
mouth of Griffin Creek and two sites on Gold Creek that bracketed the confluence with 
Griffin Creek. These data loggers recorded water temperature every 15 minutes (Figure 
12). Two loggers were recording from 3 July to 15 September. The logger located at the 
mouth of Gold Creek was recording from 22 July until 15 September.
Table 5 -  Average, maximum, and minimum instream temperatures, summer 2003
Site Average
temperature
Maximum
temperature
Minimum
temperature
Gold Cr Above Griffin Cr, GC8 12.5“C 18.9°C on July 11 6.7°C on Sept 14
Lower Griffin Creek, gc9 12.9“C 2TC on August 9 6.3“C on Sept 14
Gold Creek at Clark Fork, GCIO 14.3“C 22.5°C on July 29 6.2°C on Sept 14
According to the Administrative Rules of Montana 17.30.627, temperatures above 18.8“C 
(66T) exceed levels suitable for maintenance of cold-water fisheries. In addition, it 
appears that Griffin Creek may contribute to higher temperatures in Gold Creek. The 
mouth of Gold Creek exceeded the tolerable temperature for about one month while 
Griffin Creek exceeded the level for about a week. The Gold Creek site above Griffin 
Creek did not exceed the tolerable level during this study. Griffin Creek may contribute 
to higher temperatures in Gold Creek which has been recognized as a valuable spawning 
area for the upper Clark Fork River.
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S uspended  Sedim ents
To put Griffin Creek results in context. Gold Creek values are also presented.
Total suspended sediment (TSS) concentrations in Griffin Creek and Gold Creek 
probably peaked during the rising spring hydro graph before project sampling began. 
However, the highest TSS levels measured on the days sampled for this study occurred 
during the irrigation season in the Gold Creek basin, particularly for Griffin Creek sites 
(Figure 13). As expected, the concentration of total suspended solids varied with 
discharge with values ranging from 1 mg/L to 74.8 mg/L.
Concentrations of suspended sediment tend to attain their maximum before or near the 
peak of a storm or snowmelt hydrograph (Beschta 1987). This general relationship 
between discharge peaks and suspended sediment concentration peaks can be seen in 
Griffin Creek, particularly at the lower Griffin Creek site (gc9) (Figure 14). On the dates 
sampled, the sediment concentrations for the Gold Creek basin ranged from less than 5 
mg/L to almost 75 mg/L. On the sampling date that Griffin Creek was being used as an 
irrigation conduit (July 2), it contributed a greater load of TSS to Gold Creek than any 
other tributary (Figure 15).
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Instream Nutrients
Nitrogen
Dissolved nitrogen, in the form of nitrites and nitrates, was below or just above detection 
levels (0.01 mg/L) for the entire Gold Creek basin on the sampling dates of this study. 
Hence Total N is essentially equal to total kjeldahl nitrogen levels on these dates. Total 
N (estimated from total kjeldahl nitrogen) concentrations (Figure 16) peaked during the 
highest measured flows for most of the sites in the Gold Creek basin (unpublished data). 
The highest measured nitrogen concentration occurred at GC2, which could be attributed 
to the cattle in and near the stream at the time of the sample collection. Concentrations 
for Griffin Creek fluctuated between 0.11 and 0.52 mg/L. Both of these extremes were 
found at the upstream site, GC4. Concentrations for the entire Gold Creek Basin 
fluctuated from below the detection limit of 0.1 to 1.2 mg/L.
Phosphorus
Biologically available phosphorus has been defined as soluble reactive phosphorus, 
soluble phosphorus (both reactive and unreactive), and labile phosphorus (Holton et al 
1988, Schaffher and Oglesby 1978). Soluble reactive phosphorus (reacts with a certain 
reagent in lab analysis) is considered entirely biologically available, while soluble 
unreactive phosphorus is considered available only after enzymatic hydrolysis. 
Associated with soil particles, labile phosphorus may dissolve into an aqueous solution. 
This study measured soluble reactive phosphorus and total phosphorus (all forms of 
phosphorus released into solution by a strong digestion process).
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Most o f the total phosphorus in the streams of the Gold Creek basin was in the form of 
soluble reactive phosphorus (SRP). This is evident by comparing Figures 17 and 18. For 
most of the Gold Creek basin, total phosphorus and soluble reactive phosphorus appear 
positively correlated as flows diminished (unpublished data). Yet in Griffin Creek 
phosphorus levels appeared to be negatively correlated with flows (Figure 19). This 
suggests that Griffin Creek’s high phosphorus levels come from phosphorus rich 
groundwater inputs. Carey (1991) made the same observation.
At GC2 (Pioneer Creek) on July 29, 2003, total phosphorus concentration (0.6 mg/L) was 
much higher than on any other sampling day (see Figure 17). This coincided with a 
similar increase in total nitrogen concentration (Figure 16). At the same time, the soluble 
reactive phosphorus levels were at the lowest recorded for GC2 (Figure 18). There were 
cattle present on Pioneer Creek that day, just above GC2.
Figure 17 shows that 32 out of 36 water samples collected in the study (excluding the 4 
from GCl adjacent to Forest Service property) exceeded the total phosphorus standard 
(0.02 mg/L) established for the upper Clark Fork River (Administrative Rules of 
Montana 17.30.631). Note that the June 12 samples were taken before the standard 
applies (June 21-Sept. 21).
Other water quality param eters
Conductivity and pH, for both Griffin Creek sites, were in the acceptable range for B-1 
streams (Administrative Rules 17.30.623). The pH at the upper site, gc4, ranged from 7.4 
to 8.0, and its conductivity ranged from 610 ps to 690 ps. At the lower site, gc9, pH
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ranged from 7.5 to 8.2, and the conductivity ranged from 290 |xs to 520 jis (see Appendix 
F for raw water chemistry data).
Major ions and trace heavy metals were measured in Griffin Creek samples in October 
2003. At site gc4, cations totaled 8.74 meq/L and anions totaled 9.01 meq/L. In 
November of 2001, a nearby well showed a cation total of 19.8 meq/L and an anion total 
of 20.9 meq/L (see Appendix F for water chemistry raw data).
No numeric water quality standards for metals were violated in that October sample. 
However, metals are most likely to violate water quality standards when particulate levels 
are high during the rising hydrograph. The Gold and Griffin Creek sampling did not 
capture the rising hydrograph.
Historical review — 1990 vs. 2003
The importance of Griffin Creek phosphorus to Gold Creek noted by Carey in 1991 is 
still evident today. The phosphorus concentrations in Gold Creek and Griffin Creek have 
not changed much in the intervening years (Figures 21, 22, 23, and 24). These levels 
continue to be very high compared to other upper Clark Fork River tributaries. And 
almost all samplings in 1990 and 2003 exhibited TP levels higher than the upper Clark 
Fork River standard of 0.02 mg/L. My field assistant and I observed that Griffin Creek is 
still being used as an irrigation conduit with water taken from Gold Creek transported 
into Griffin Creek at Polygon H and then diverted into fields downstream. Between the
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point where irrigation water is added to the stream and the point where it is diverted, the 
creek looks like an irrigation ditch. Carey made the same observation: “The Griffin 
Creek channel is deeply eroded in this reach because its usual 1-4 cfs flow can reach 20 
cfs while the irrigation water is being channeled through” (Carey 1991, p. 45). It is 
readily apparent from current and historical observations that Griffin Creek’s seasonal 
flow regime is greatly altered by human activity.
Summary of Findings
This section summarizes the key findings relevant to each of the original objectives.
1. Available Information on Griffin Creek: Griffin Creek watershed geology is discussed 
in the literature; soils maps and GIS data are available from an NRCS web site; and land 
use and ownership GIS data are available from the Montana Natural Resource 
Information System website. Long term climate information (1971 to 2000) is available 
from two National Weather Service Climatological Stations that are within 20 miles of 
the Griffin Creek watershed. I found no historical flow or water chemistry data for 
Griffin Creek other than Carey’s 1990 data. No information was found on instream biota. 
Griffin Creek has not been assessed for use support by the Montana Department of 
Environmental Quality.
Griffin Creek is part of the lower Gold Creek watershed, and considerable information on 
the latter has been summarized by (KirK Environmental 2004). Although little of that
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assessment is specific to Griffin Creek, descriptions of regional vegetation and species of 
special concern are useful. In addition, Kirk Environmental classified the Griffin Creek 
channel as a C channel based on analysis of aerial photos.
2. Channel Morphometrv and Classification: Griffin Creek’s channel morphometry has 
been influenced by livestock grazing, irrigation practices, and beaver dam removal. The 
upper quarter of the creek is dominated by beaver ponds while there is evidence of 
ongoing removal of beaver dams in the lower part of the creek. Use of one stretch o f the 
creek as an irrigation conduit has likely resulted in some down-cutting in that reach. In 
addition, the reach just above the mouth is down-cutting in response to a nick point in 
Gold Creek that has lowered its bed elevation. As for channel classification, the reaches 
dominated by beaver ponds had no distinct channel and were not classified. The lowec 
half of the creek changes in a downstream direction from channel type E to G and then to 
B near the mouth. Across the nick point, the channel changes from B3 to B4. None of 
the four sites assessed exhibited the characteristics of a C channel. However, at the 
macro scale of an aerial photo analysis, a different result may be valid.
3. Riparian Area Condition: Based on the riparian condition assessment method used 
here, 41% of the length of Griffin Creek’s riparian area was ‘functioning’ (performing 
most riparian functions & services), 13% was ‘functioning-at-risk’ (performing some, but 
not all, functions); and 46% was ‘nonfunctioning’ (failing to perform and maintain 
riparian functions/services). Most of the reaches with problems appeared to be damaged 
by grazing practices.
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4. Water Quality & 5. Importance as a Nutrient Source: Griffin Creek continues to be a 
major source o f bioavailable phosphorus to Gold Creek and ultimately to the Clark Fork. 
On the sample days of this study, Griffin Creek had the highest soluble P and suspended 
sediment concentrations of all of Gold Creek’s tributaries, delivering a soluble P load that 
ranged from 1-20% of the load at the mouth of Gold Creek. When being used as an 
irrigation conduit, Griffin Creek had the highest suspended sediment load of all Gold 
Creek’s tributaries.
6. Beneficial Use Support: Griffin Creek has not been explicitly assigned a use 
classification nor assessed for use support by the Montana Department of Environmental 
Quality. As a tributary of Gold Creek, it is likely that it would be assigned the same uses 
as Gold Creek which is a B1 stream. B1 streams should support contact recreation, cold- 
water fishery & aquatic life, agricultural & industrial uses, and drinking water (after 
conventional treatment). I suggest that Griffin Creek should be listed as a B2 stream 
since its fine substrate is not suitable for spawning and could not support the full life 
cycle of a cold-water fishery.
To determine that a stream does not support its uses requires either overwhelming 
evidence (like complete dewatering or violation of numeric water quality standards by 
human actions) or the preponderance of evidence from a combination of biological, 
chemical and physical data. There is no biological data available on Griffin Creek, so the 
latter approach cannot be used. No violations of numeric water quality standards were
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observed during the study, with the possible exception of the Clark Fork nutrient 
standards. However, Griffin Creek’s substrate could not support massive filamentous 
algae growths, so high nutrient levels are unlikely to interfere with Griffin Creek’s 
beneficial uses.
I ÿuspect that Griffin Creek is not impaired by metals or nutrients, but is impaired by 
excess sedimentation, habitat alteration and flow manipulation, based on visual 
observations. The uses that would likely be impaired include aquatic life support and 
marginal support of a cold-water fishery.
7. Land Use practices that contribute to problems: As observed by Carey in 1990, 
grazing continues to occur along much of Griffin Creek, and one reach continues to be 
used as an irrigation conduit. It appears that these practices continue to cause the 
problems that she noted.
8. Watershed Restoration and Conservation Projects: No conservation or restoration 
projects are currently being performed or planned by the Natural Resource Conservation 
Service in the Griffin Creek watershed. However, a local watershed group (Watershed 
Restoration Coalition) is planning some projects in the Gold Creek basin, ineluding 
removal o f a corral near the mouth of Gold Creek.
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9. Recommendations for Actions: The following actions would likely improve the 
condition o f Griffin Creek and/or reduce its nutrient loading to impaired waterbodies 
downstream.
a. Cease using Griffin Creek as an irrigation conduit or reduce the 
additional flow to the point that it does not cause erosion.
b. Fence Griffin Creek, or use a riparian pasture grazing regime that 
moves cattle when the browsing becomes too heavy.
c. Restore plant riparian vegetation along Griffin Creek in Polygons C, 
D, F, and I, where riparian vegetation has been lost.
d. Evaluate the nick point at the mouth of the creek to see if anything can 
or should be done to mitigate the downcutting.
e. Studies could be performed to determine if  the streambed has 
coarse material at a depth that might be uncovered by a scouring flow. 
Even if possible, such an action might not be advisable since the 
scoured sediment might cause problems in Gold Creek.
f. One of Carey’s recommendations might benefit Gold Creek’s 
fisheries.
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“Because of its silty substrate, Griffin Creek appears relatively 
unimportant to fish. Rather than completely dewatering Gold Creek, 
Griffin Creek could be partially or completely dewatered for irrigation. 
Its nutrient load would benefit the hay fields. The diversion of Griffin 
Creek just above its confluence would make it possible to allow at 
least 2-4 cfs to remain in Gold Creek along the stretch that was 
completely diverted during July, August, and September. This water 
would benefit fish as well as dilute P concentrations in the lower Gold 
Creek sections. In addition, the presence of water in the Gold Creek 
channel may influence the hydraulic gradient and, therefore, possibly 
decrease the amount of P-rich groundwater that enters the stream” 
(Carey 1991).
However, this alternative raises an interesting ethical issue of whether 
one creek should be sacrificed to benefit another. The local watershed 
group and natural resource agencies working in the basin should 
address the legal, ethical, and ecological questions embodied in such 
tradeoffs as they endeavor to improve the condition of Griffin Creek 
and Gold Creek.
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Figure 5 -  Average monthly temperatures at the Deer Lodge weather station, 1971-2000
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Figure 6 - Soils of Gold Creek and Griffin Creek basins, western Montana
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Figure 7 - Land use in the Gold Creek and Griffin Creek basins
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Figure 8 — Channel Morphology measurement sites, Griffin Creek
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Figure 9 — Riparian health polygons, Griffin Creek, summer 2003
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Figure 10 -  Summer 2003 discharge in upper (gc4) and lower (gc9) Griffin Creek
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Figure 11 -  Summer 2003 discharge of Gold Creek, tributary of the Clark Fork 
(GCl -  Headwaters; GC5 & GC8 — midreaches; GCIO -  near mouth)
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Figure 12 — Maximum stream temperatures at 3 sites in the Gold Creek basin, summer 2003
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Figure 13 — Total suspended sediment levels in the Gold Creek basin, summer 2003 
(gc4 and gc9 are in Griffin Creek)
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Figure 14 — Total suspended sediment levels & discharge in Griffin Creek, summer 2003
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Figure 15 — Total suspended sediment loading in Gold Creek basin, summer 2003
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Figure 16 -  Total Nitrogen in the Gold Creek basin, summer 2003
(Total N was estimated from TKN since dissolved N was below detection)
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Figure 17 -  Total Phosphorus in the Gold Creek Basin, summer 2003
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Figure 18 — Soluble Reactive Phosphorus (SRP) in the Gold Creek Basin, summer 2003
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Figure 19 -  Soluble reactive phosphorus and discharge in Griffin Creek, summer 2003
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Figure 20 -  Soluble reactive phosphorus loading in Gold Creek basin, summer 2003
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Figure 21 -  SRP, Total P and Flow, Upper Griffin Creek, summer 1990 (Carey 1991)
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Figure 22 -  SRP, Total P and Flow, Upper Griffin Creek, summer 2003
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Figure 23 -  SRP, Total P and Flow, Lower Griffin Creek, summer 1990 (Carey 1991)
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Figure 24 -  SRP, Total P and Flow, Lower Griffin Creek, summer 2003
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Appendix A: Riparian & Wetland R esearch Program  (RWRP) Short 
Form for Lotie Health A ssessm en ts
U.S. LOTIC WETLAND HEALTH ASSESSMENT FOR STHEAMS 
AND SMALL RiVERS (survey)
ADMIHjgTPATtVE DATA
A1. 3a:a cBleciec by:----------
A2. Agen^y-O’gartzatjon:
ASa. 2LM sta:* Ofnce:________
ASfe. BIM =tefd Oîîicfi/=ie'd S£a:cp:______________ _ _______________________
ASc. O lfce C oce:___________ A33. ts me i  an 3_M grazJrg alofcmsnl? iYs=; No; ftA):-
jT Y ea . A36: A loîrent NLn;©?,  A3t: AJctmemfwjfrter: _________
A JttnstTîD :  AicKTent iD:__________
AldiTont M ans;_________________!_______________  AJtbînsrt Nanne:_____________
t/aragem&it Sfa:j=:  Martagetrert cca:LS________
A4. u s p * 3  R srjge:____________________________________________________
A3. R sservason:_______________________________________________________
A3. NPS PafK'NhS:_____________________________________________________
A7. J S 'S  Naücnal ParestL 
A3, o irer  _:caucn:______
A9. Year:________ A10. Date lisia daia ccnected:  A 11. O C deris's;___________________________________
A12&. At ea st pan o' tfts pz^ygon nas been frventorlsd froie man co se  iresanctsdj? lYss; No]:__________
ft Ua. 50  *>2 TiSfn A13a. c Y es■ A i2b. Tnis pdygor c a o sd e s  smcity wim anozner h'^eiiotied oc^yosr? /Yes; No;:. 
A12C- IS :ni£ T e  laisst irventory îür tn s  pclygon? (Yes: No|:________
A i2d. ID No.isi cf z n e ' inventonss o' mis polygon ____________ , _______     , _____________ ________
A12e. o n e -  years: _________________________________
121 T o s soypof! sn a 'ss  com nsn a  ea wttr otrer inventons: ooygor^s)? No;.;_______ Al£g^ Otrer years;______
A l2h. ID N2.(s;i otne" re»r3s siar  ng area wm tris pctygon,__________ , ____________ ,    , _
A13&. has a ctvange n martaoefrent cccLved? jves; N o j:_______ ft Yes. A ts s . Year mat cranged o t o j f e ]
A13C. Tyoe Of Tanagsm enl cnange a:p;ed:
LOCATION DATA
9 1 . snate-'Provtrce:___________  92. COJrzy.'tAjncipal Oszisct;.
93 . AjfcmnenfPaige J n ::_____________________________________
94  a  Area n a n e _____________________________________________
B4b. T'lojza”/  to ;____________________________________________
94C-. Group na/ng;_______________________________  S4d.. G fojp n jn r c s '._______ B5. Po ygcn n jn ter :
93 . Lccallon; 1/4 1/4 s e c : -------------------------------------1'4-S e c :--------------------------------  se c ;  --------------------
Tcvmsnio(NSj;______________________  PAige   BT. Bfev. in;:------------ : im;:
B&a. hydrckgc u s: co-ae (huC ): Beo. S jp basin  name (4m leve  -iLCi;________________________
B3C. SJb-basir (sq t I):____________; ;sc n ;:_______________________ B9d. Sub-ba&n sacs:______________ ; inecti
9 6 e . su s - ta sn  perlTeter ;n ) ;    ; ( t j ; ________________
9&a. cGO'dnales cf pciygon JPPEP END: Easing:_____________ ; Ncm inq: ; Z cre:-----------
BPD. LTM cccrdnates o' ooygor _OY/ER END Easdrg;_____________ ; No'tning: ; S ir e :_______
9 &0 . LTM co:r3na:es ct any cirer pom  or mierest n me oc<ygor Eas:: ; No’m:------------------------- ; Z cre:.
B9d. GPS unit #:  Vi^. Lp:er:  WP* LOAer:  '/<=: om sf:________
B9e. c o r m e it s ;__________________________________________________________________________________________________
810. OJ&3 Tap;s):______________________________ ;___________________________
n  ;*twTt AK rt «lî»7WVW LClC “ieaW) Assesanis't 1 -Annv h#1*nrvTHp—MhV»l"v- mm *r* k&vrlïvftvTlafi» anrl A-i
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SELECTED SUMMARY DATA____________________________  AECCfCiDNc:----------------------
C1, Wstlaici t /se :______________________ :  €2. s z s  lacj:____________ ; (Tect):_______
CSa. 1= sntire p^tygcn an jpans? (Ves; NO):_______ if ho, C3b. Docs Bie polygon cons31 arc ie*y or fmcllonW wsgans
tÿi:*ss? [Y5s; No-:_____  C3c. Fjrcooral wallmc |ao|:_________ ; ;h=cti:  C3d. Psrcsnl of tcîai pofygon:______
C4. Does me zdygsr contan a os' nsd si^anoanK y  charnsi? rves; No; SC| :______
C5. crarrsl length -----------; (Kt;i:----------------  C8. Nmioer of M*;S' nties the p:tygon ’spressrcs:-; (ktrj;--------
C7& Average r oa’fsn zone A'dth (ft}: ; (m):______
C7b, Rîo^ian zone dth range H): _________to_____: }ir.) ' to________
C3. Habitat Tytrefi &rO Coinmunltv Tvces
€l3s;rfloallonT>iO£ Same Fnase Pd: o' Pov S jooeszi-ora' Stage or CoTnrsms
WATER QUALITY DATA
01. w&̂er&oOÿ nuTher:------------------ caj-e,s.)
D2a. 15 Me mIsfOoZ'/ a 303(2) listed Ifrpaires
strean? (Ves; N o i----------
If J££2. D2P. Year of Istng?_______
03. Wateroccfj' TM DL peter ry:____________
04. TMDL de^etepnrent stahjs: _______
CO. PrcPaPe Irrpairec uses: D7. Ptorasie source;:
PHOTOGRAPH DATA
Eta. iderî^caîten ot photos i)aken at the upBiresm erd of soygcni: R-ll # ____________  Photcgrapne"
Phtefo nuTbers: (jpst̂ earrs) :____________  (comstreaTi;-:  (ctnersi :_____________
El P. -ixaticfi s? _________________________________________________________________________
‘ether chtetes:______________________________________________________________
E12. Descflpooh. 
Gfvê s 11̂1%
{others]
O tiM M iK r t  tîTTSPflfifl Lode VVfftaTd BsaTTi AaSSSSr'-Cft 1  iTiSwl' wm&w nat»-?f <nnnp«r«vj>Hrr r/vn  frrr 1 .ivtT-ftW- R itm
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E2a. 13 there ar  ac^aoer: i^ztream ct :ni£ pat^gm? lYes; N o j:-------
E2b. Is ihers ar: ab acerc  poi'ygon so^hstrsam  c f tsits pcf>gon? N d):__
£ 3 a . ice^tifcarter of p io ic s  (lakei at tfcwiîsîmeam erd  of soiy^^ri ■ A:ll
Pncoo njrr-ice’s: /Lpslre& nx_______________ (dCM -s^eani:----------------
c 3 a .  Loca:on of____________:______________________________________
■dîfe”  photos:
E2C. Descr o t ic r ________________________________________________________
Data le c o td  ID:. 
Pnoiograpter:____
fctnefst:
CÏ \ie%v3 iLDi: (CdATi!:_
(ĉ r?er3i:.
E t  F in  a te  C afrsta  Speclllcaaois
F in  sfard: __________________ Aim speed  |ASAj:. Lems oiaiheisf fmmt :. .er is  f:c& >e%ri ( r n i  :.
LOTIC V/ETLAND HEALTH A SSESSM EN T S C O R E  SHEET
Actjoi Possiae Sco'e Sc:4e CDrmenû
1 . V eçetaPoi Cc*,er or A = 0 3 p a n  3r,3 
cWamParks 
2a . Mvas^ve P a n t sp e c ie s  canooy  Cdcet
2t>.;nvastve Par: so eo es Dersit/ Dis:rPLCon
List Invasive Plant S p e o e s  present. 1 .. 
h cijsin g  Percent C arosy Cs^e* m s  ^  
DcfsiP / O stiicudoh Class; , ’ '
S p e c e s Csn.Cov. D ers.D  St.
4 ..
5 ..
3. o stjrD an ce-lr .ceasef LhSesi’aPle
M ritjaceojs S sec iss
4. Tree and P 'e'etre] Smrun Seeches
S s sa iis r n sr :  and P eg e re  &:on
5. jtllzattchQ f T-ee m s  ^refemes snruP Spec e s  
9. Stand mg O ecasentan s Deas W sody t/atenai
V e g e ta l Ion S u b to ta l;  
7. StreaTbark Rso: M ass Protector  
0. H unan-Causec Bare CfCiinc 
9. s r e a n s m K  str jcu ra iy  Atoarec 
1D. P jg g r g  ard'O’ -iuntreck in g  
11. stream  Charnel irctsem eit
Soll/hydrolcgy' S jb to la l:
O verall P o ly g o n  T otal:
O-inerl as cr SSTdflOa u:lc Heain Asoessmert S Cneck wwv̂ '.r tte'îWîiestoraWcr.cyn tor Mosn LiH2*Daae Data Set a-id Faim
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BATING CALCULATION
Data PjKscrd ID:
(Ach-ai Sacfe,'»333Jria saore;. X 100  -  Pe%»it
V59=ta:wr Raiirg; _______  / ______  *t03 = ________ ______
Sail r-iyc"S&gy: _______  /   xlOO = ________  ______
Total Bawng; _______  /   x io a  = ________  _______
Deso'iatve Category
aM C ïtcflrv- — S
53-tC» Pnsft&r- Fii.’*ztiiX7.'r>^ Cc-ca*Hort I'HMrtlft*'/
eO-TS FUccftiof»*’ A t  Aick rj-Mi*.sfiK w .w  A rocfem o)
4 *
k.
AteiTAincfi'OLt&r îUrîft«»W >‘>
A C P m O H A L  MA NAGEM EN T C O N C E R N S  {OPTIONAL)________
TT5 'o iK w ng  i t e r s  30 ro i co ilrO L te to a  s t e s  s c o 'e  R a tra r they r^ io  to qLantlty ^ m s ’sn t pnysksal s ite  c n a /a c ;e r s :c s  or a s s e s s  
t i e  oifeoiior or cr*arg5 on a  see . T re s e  da ta  c a r  be a se ru  ■‘c i a a m m g  i j t j i e  s : s  n a r a g e r ^ L
1 2 a, S tfs a m b a rx  rscK i .o y r r > e : ____________________________________________________________________________________________
12b. S P eanbaik  rock s i z e : ________________________________________________________________________________________
13 , V egetation u se  zy a r t n a i s : ____________________________________
14, S jsc e p lta itiy  01 c a  eni raîsM aJ iz> s f z s io n ;_____________________________________________________ _________________
15. Pe’c e it  01 stre&nbark acoessiae  to ivestosM ____________
16. Rof,gzrs treoa ^iSî^e polygon: ^rprcv ng, Degrad ng. statte, 01 ssaiLs LnkioAn?): 
17 coTnsrsta ard ocser.-atizrrs:
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Appendix B: 
Griffin Creek’s  riparian condition a s se ssm en t,  Sep tem ber 2003
Lo tic ;health Inventory Category
Polygon 1 2 3 4 5 6 7 8 9 10 11 Totalscore
% of points 
possible
Functional
Rating
Pts Poss 6 6 3 6 3 3 6 6 6 3 9 57 100
A 6 5 2 5 2 2 6 6 6 2 9 51 89 Functional
B 6 4 3 4 2 3 6 6 6 3 6 49 86 Functional
C 2 4 1 2 1 1 2 2 6 0 6 27 47 Non-Functional
D 2 2 1 2 1 1 4 2 4 0 9 28 44 Non-Functional
E 6 0 2 2 2 1 4 4 6 2 6 35 61 Functional-at-risk
F 4 0 2 2 2 2 4 4 6 2 6 34 59 Non-Functional
G 4 4 2 2 2 2 4 4 6 2 6 38 67 Functional-at-risk
H 6 6 2 6 3 3 6 6 6 3 6 53 93 Functional
I 4 4 1 2 1 2 4 4 6 2 3 33 58 Non-Functional
Category
1
2
3
4
5
6
7
8
9
10 
11
Description
Abundance of vegetative cover of floodplain and streambanks 
Presence and abundance of invasive plant species 
Disturbance-increaser/undesirable herbaceous species 
Preferred tree and shrub establishment and regeneration 
Utilization of preferred trees and shrubs 
Standing decadent and dead woody material 
Streambank root mass protection 
Human-caused bare ground
Streambank structurally altered by human activity
Presence of pugging and/or hummocking
Extent of stream channel incisement (vertical stability)
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Appendix C: Griffin Creek W atershed Soil D escriptions
These short descriptions of various soil types were paraphrased from the Natural 
Resource Conservation Service’s Soil Data Mart (NRCS 2004).
The Danvers series consists o f deep, well-drained soils that formed in alluvium and 
colluvium, or loess from mixed rock sources. Danvers soils are used mainly for dryland 
production of small grains, native range, and pastureland. Potential native vegetation is 
mainly western wheat grass, blue gramma, needle-and-thread, and prairie junegrass.
The Roy series consists of deep, well-drained soils that formed in alluvium or colluvium 
derived mainly from sandstone and igneous rocks. These soils are on alluvial fans, stream 
terraces, escarpments, mountains, and hills. Roy soils are mainly used as rangeland with 
some areas in cropland. Potential native vegetation is mainly bluebunch wheat grass, 
Idaho fescue, western wheatgrass, blue grasses, and forbs. In some areas, there are low- 
density stands of ponderosa pine.
The Shawmut series consists o f deep, well-drained soils that formed in gravelly alluvium, 
glaciofluVial deposits, colluvium, or till. These soils are on plains, alluvial fans, stream 
terraces, escarpments, hills, mountains, and moraines. Shawmut soils are mainly used for 
rangeland and dryland crops. The potential native vegetation is mainly bluebunch 
wheatgrass, rough fescue, green needlegrass, prairie junegrass, needle-and-thread, forbs, 
and shrubs.
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The Bignell soil series is composed of deep, well-drained soils formed in alluvium and 
colluvium from Tertiary sediments. These soils are characterized by slow-permeability 
and are used for timber production, wildlife habitat and in watersheds. The native 
vegetation is coniferous forest.
The Crow soil series is characterized by deep, well-drained soils with slow permeability 
formed in colluvium and till from Tertiary sediments. These soils are used for timber 
production, woodland, wildlife habitat, and grazing habitat. The native vegetation is 
coniferous forest.
The Martinsdale series consist of deep, well-drained with moderate permeability soils 
formed in alluvium and colluvium. These soils are used mainly for production of 
irrigated and non-irrigated crops such as alfalfa. Potential native vegetation is needle- 
and-thread, various wheatgrasses, blue gramma, prairie junegrass, forbs and other shrubs.
The Perma series is composed of deep, excessively well-drained soils formed in 
alluvium, colluvium and glacial outwash. Perma soils are used mainly as rangeland. The 
potential native vegetation is rough fescue, Idaho fescue, bluebunch wheatgrass, prairie 
junegrass, and perennial native forbs.
The Quigley soil series was formed in calcareous alluvium, colluvium or in till. These 
are deep, well-drained soils. Quigley soils are used mainly for rangeland and irrigated 
cropland. Potential native vegetation is mainly bluebunch wheatgrass, western
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wheatgrass, Idaho fescue, and Sandberg bluegrass.
Saypo loams are deep, somewhat poorly drained soils that formed in calcareous alluvium. 
These soils are in depressional areas on alluvial fans, stream terraces, glacial outwash 
plains and flood plains. With moderately slow permeability, these soils are mainly used 
for rangeland and hayland. Potential native vegetation is mainly northern reedgrass, 
tufted hairgrass, northern mannagrass, and shrubby cinquefoil. Kentucky bluegrass and 
timothy tend to be major increasers under irrigation.
The Straw soil series was formed from alluvium and consist o f deep, well-drained soils 
with moderate permeability. Straw soils are mainly used for dryland cropland, irrigated 
cropland, and rangeland. Potential native vegetation is mainly rough fescue, western 
wheatgrass, needle-and-thread, little bluestem, bluebunch wheatgrass, green needlegrass, 
forbs, and shrubs.
The Turrah series consists of deep, poorly-drained soils with slow permeability formed in 
alluvium. Found mainly on stream terraces and floodplains, turrah soils are mainly used 
for pastureland and hayland.
The Tetonview series consists of deep, poorly-drained soils with moderately slow 
permeability formed from calcareous alluvium. Tetonview soils are used for rangeland 
and irrigated hayland and pasture. Potential native vegetation is northern reedgrass, 
Kentucky bluegrass, sedges, bulrushes, and rushes.
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The Blossberg series consists o f deep, poorly drained soils. Formed in loamy alluvium 
20 to 40 inches deep over loamy coarse sand and gravel these soils have moderately slow 
permeability. Blossberg soils are used mainly for pasture and hayland. Potential native 
vegetation is mainly reedgrass, tufted hairgrass, prairie cordgrass, sedges and shrubs.
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Appendix D: Rosgen Stream Classification
The Rosgen method of stream channel classification is based on the morphological 
arrangement of stream characteristics. Rosgen's classification is widely used for “site- 
specific riparian forest and fisheries management,” as well as calculating geomorphic and 
hydrologie processes (Naiman 1998). The letter part of the channel classification (A, B, 
C, etc.) is based on the channel's entrenchment ratio, width/depth ratio, sinuosity, and 
number of channels (single or multiple). These classes are further subdivided based on 
stream slope and substrate composition. The Rosgen channel classification system is 
fully explained in Applied River Morphology (Rosgen 1996) and summarized in the chart 
below.
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Appendix E: B eavers’ role in the landscape — a literature review
With approximately one-quarter of the length of Griffin Creek influenced by beaver 
activity, it is important to note the impacts and importance of this vital species to a 
watershed. Beavers {Castor Canadensis) were once abundant across the North American 
landscape. When the first Europeans began exploring the continent, beaver populations 
were estimated to be at least 60 million individuals over an area of 15.5 million km^, 
equating to about an average density of four beaver/km^ (Jenkins and Busher 1979).
Some studies estimate a population of up to 400 million individuals (Naiman et al. 1988). 
They could be found in nearly all aquatic habitats from the arctic to the desert (Naiman et 
al. 1988). However, due to overharvesting by the fur industry and drainage of wetlands, 
by 1900, beaver populations were almost extinct (Jenkins and Busher 1979). Because of 
an almost total lack of predators, changing fashions, and stricter conservation laws, the 
beaver population is increasing rapidly. The current population is thought to be between 
six and twelve million individuals (Naiman et al. 1988).
Beaver activities offer an example of a “natural alteration to ecosystem structure and 
dynamics” (Naiman et al. 1986). Beaver alterations include: (1) modified channel 
geomorphology and hydrology, (2 ) increased retention of sediment and organic matter, 
(3) creation and maintenance of wetlands, (4) modified nutrient cycling and 
decomposition dynamics, (5) modification of the riparian zone, (6 ) an influence on the 
character of water and materials transported, and a (7) modification of habitat influencing 
community composition and diversity (Naiman and Melillo 1984; Naiman et al. 1986, 
Smith et al. 1991).
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Beavers alter the stream channel by building dams and impounding water. Their ability 
to build dams and increase the saturated area increases the amount o f beaver habitat 
available, increases their food supply, and offers protection from predators, namely the 
wolf {Canis Lupus) (Naiman et al. 1988). Dam building alters the stream discharge 
system, decreases velocity, alters the channel gradient, and increases the sediment and 
organic matter deposition (Naiman et al. 1988; Woo and Waddingtonl990). Where 
beaver remain unexploited, their dams and canals can influence 20-40% of the total 
length of second- to fifth-order streams (Naiman et al. 1986). Both Townsend (1953) and 
Butler and Malanson (1995) encountered over five dams per 200 m of stream in separate 
study areas in western Montana. Canals help keep wetlands open for other species using 
the area for feeding, reproduction and shelter (Naiman et al. 1986). Height and length of 
dams vary aecording to topography. Townsend (1953) observed that the typical dam in 
western Montana varied in size from small canal dams about two feet long to dams of 42 
feet in length and reaching five feet in height. A more recent study (Butler, 1995 cited in 
Gumell, 1998) indicated that typical dam sizes range from 15 to 70m long and 1 to 2 m 
wide. Additional area of the floodplain can be accessed by beavers by building canals. 
These canals can vary in length from < lm  to >100m and in width from 0.35m to Im and 
are generally over 0.5m deep (Gumell 1988).
Beaver dams affect nutrient movement by two important mechanisms: (1) nutrient 
trapping as a response to the settling o f particulates, and (2 ) by producing wide and 
shallow flows; beaver dams reduce maximum velocity, decreasing the erosive input of 
nutrients (Parker 1986; Maret et al. 1987).
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A beaver pond can be considered an open ecosystem with a “number o f energy inputs 
and outputs” (Hodkinson 1975). Examples of inputs include:
“drift of particulate and dissolved organic matter in input streams, litter fall, 
marginal vegetation pushed into the pond by snow, photosynthesis, and surface 
runoff. Energy outputs include drift of particulate matter and dissolved organic 
matter in the output streams and respiration” (Hodkinson 1975).
Compared to the flowing stream above and below the beaver pond, beaver behavior alters 
nutrient cycling and decomposition rates through a concentration o f sediment and organic 
matter, at the same time there is an increase in light due to the opening o f the forest 
canopy, and there are alterations in'precipitation, throughfall, and other inputs (Naiman 
and Melillo 1984).
Because beavers usually cut and collect wood species that are high in nitrogen, such as 
aspen, alder and birch, alterations to the nutrient cycle may result as wood and sediment 
are trapped and “become more available for microbial colonization (Francis et al. 1985). 
In one study, it was found that total nitrogen contributions by beaver ponds were 9 to 44 
times a riffle’s contributions. It was also demonstrated that nitrogen fixation increased 
downstream of beaver areas. The authors attribute this to either a lack o f sufficient 
nitrogen or an increase in available phosphorus with ample carbon.
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One study suggests that beaver ponds do affect water quality particularly during spring 
runoff. They found that during runoff, concentrations of suspended solids, total 
phosphorus, total Kjeldahl nitrogen, and nitrate-nitrogen were reduced by moving 
through beaver ponds (Maret et al. 1987). The concentrations increased as the water 
continued to move downstream. The authors believe that water quality is not improved 
by moving through beaver ponds in the summer months because low flows carry fewer 
and smaller particles. However, their results indicate that beaver ponds do trap some 
sediment and associated phosphorus during low summer flow.
Skinner et al. (1984), looking at how different grazing regimes affect water quality, found 
that streams with more beaver ponds had few bacteria contaminating the stream water. 
The pond, by reducing water velocity, caused bacteria to settle out of the water column 
and onto the sediment. In water and sediment samples taken from three beaver ponds, 
Skinner et al., found 13 times more fecal coliforms in the sediment samples than in the 
water samples. Water samples collected above and below the ponds indicated a settling 
of fecal coliforms. Their results are somewhat mixed in that they also indicate that the 
beaver themselves may be a contributing point source as a result of excretion and by 
stirring sediments from the bottom of the ponds.
Parker (1986) reported that stream water below beaver pond complexes had 50 to 75 
percent less suspended solids, 20 to 65 percent less total phosphorus and total Kjeldahl 
nitrogen, and 20 to 25 percent less nitrate-nitrogen. When looking at an acidic second- 
order Adirondack stream, Smith et al. (1991) found that, in general, the stream’s acid
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neutralizing capacity, pH, dissolved organic carbon, Fe, and Mn values were elevated and 
dissolved oxygen, SO^'4, and AF” concentrations were decreased following transport 
through the beaver pond. DO was reduced in the pond due to increased organic matter 
and related decomposition processes. They also found that the beaver ponds acted as 
sinks for SO^'4 during the low flow summer months. In addition, the authors found that 
beaver activity influences sediment chemistry as well. Organically bound Fe 
concentrations were elevated at sites below beaver dams, which they attributed to 
“elevated concentrations of exported Fe and organic matter.”
There seems to be a consensus in the literature that sediment storage is the primary means 
a beaver alters a stream. One significant effect that an increase in organically rich 
sedimentation might have is an increase in methane evasion. Ford and Naiman (1988) 
conducted a study concluding that by creating conditions for sediment accumulation, 
beaver dams and their resultant ponds influence the biogeochemical cycling of carbon 
and provide anoxic conditions appropriate for the creation of methane. They claim their 
measurements were “conservative estimates of methanogenesis yet, for beaver ponds, 
they indicate a significant pathway for carbon loss from the system.” They also theorized 
that in the drainage they were studying, that beaver activity may be “indirectly 
responsible for 92% o f methane evasion,” excluding lakes and marshes. Nevertheless, 
even in such a study, the relationship between sedimentation and methane release has not 
been fully documented.
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One example o f the impressive sedimentation load beaver dams capture is on Current 
Creek, WY. This creek had a problem with virtually no riparian vegetation and extensive 
streambank erosion (Brayton 1984). In 1980, the creek’s sediment load was measured at 
33 tons per day. In order to curb this rate, the ELM released beavers into the area. The 
beaver activity resulted in a decrease of silt load to four tons per day, a 90% drop. 
Willows returned and the streambank erosion was stabilized. In addition, the water table 
rose, encouraging growth of other vegetation and aquatic life.
Although little is specifically known about the volume of sediment retained in beaver 
ponds, or the rate of accumulation, Devito and Dillon (1993) examined the annual input 
of P and N into beaver ponds in a boreal forest in central Ontario, Canada. Their findings 
revealed seven to 12 cm of sediment had been deposited in a beaver pond during the 20- 
27 years following its creation. They calculated the annual sedimentation rate as 0.26-0.6 
cm per year. Naiman et al. (1986, 1988) found that the sedimentation rate had no 
correlation to the size o f the beaver dam, but a significant relationship was found between 
the sedimentation rate and the surface area of the pond. Naiman et al. (1986) also found 
that a 4-18 piece of wood could trap 2000-6500 m ;̂ For the watershed they were 
examining, they found a total sediment accumulation of 3.2x10^ m  ̂of sediment in small 
order streams in the 673 km^ study area.
In Glacier National Park, Montana, recently constructed beaver ponds were examined 
looking for rates and volume of sedimentation (Butler and Malanson, 1995). Included in 
this study was a consideration of carbon dynamics which may confuse “interpretations of
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rates and volumes o f sedimentation over long periods.” Depending on the slope and local 
relief, Butler and Malanson found a sedimentation rate range of 2.08-27.94 cm per year. 
Their results indicate that beaver ponds expand with age and are then able to store more 
sediment. The results also show that after initial formation, a beaver pond has a rapid 
sedimentation rate and then slows. In fact, they found there was a negative exponential 
rate between age and sedimentation. They attributed this to the additional beaver ponds 
formed along a stream as a population expands. The authors go on to say organic matter 
decomposition might provide a significant loss in the sedimentation rate. Looking at the 
volume and mass of the carbon in their samples, they found a possible export of 3.34- 
8.06 ml C m'^ per day. “Sedimentation rates seem tied to the energy of the site and the 
surficial material over which the streams flow” (Butler and Malanson 1995). In addition 
to the need for further study, in the future it will be necessary to calculate how much of 
the sediment collected in a beaver pond is due to excavation activities by the beavers 
during the construction of the dam and related canals.
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Appendix F: W ater Chemistry of Gold Creek basin, 2003
Sam ple ID Test Name Result Units Collect Date.
Analysis
Date
UCF - GOLD 1-1 / ENV STD Nitrate plus Nitrite as N 0.02 mg/L 06/12/03 07/15/03
UCF - GOLD 1-1 / ENV STD Total Kjeldahl Nitrogen 0.10 mg/L 06/12/03 07/17/03
UCF - GOLD 1-1 / ENV STD Soluble Reactive 0.006 mg/L 06/12/03 07/11/03
UCF - GOLD 1-1 / ENV STD
Phosphorous 
Total Phosphorous 0.013 mg/L 06/12/03 07/17/03
UCF - GOLD 1-1 / ENV STD Total Suspended Solids at 4.5 mg/L * 06/12/03 07/10/03
UCF - GOLD 2-1 / ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.01 mg/L 06/12/03 07/15/03
UCF - GOLD 2-1 / ENV STD Total Kjeldahl Nitrogen 0.10 mg/L 06/12/03 07/17/03
UCF - GOLD 2-1 / ENV STD Soluble Reactive 0.054 mg/L 06/12/03 07/11/03
UCF - GOLD 2-1 / ENV STD
Phosphorous 
Total Phosphorous 0.078 mg/L 06/12/03 07/17/03
UCF - GOLD 2-1 / ENV STD Total Suspended Solids at 8.4 mg/L 06/12/03 07/10/03
UCF - GOLD 3-1 / ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.01 mg/L 06/12/03 07/15/03
UCF - GOLD 3-1 / ENV STD Total Kjeldahl Nitrogen 0.35 mg/L 06/12/03 07/17/03
UCF - GOLD 3-1 / ENV STD Soluble Reactive 0.063 mg/L 06/12/03 07/11/03
UCF - GOLD 3-1 / ENV STD
Phosphorous 
Total Phosphorous 0.088 mg/L 06/12/03 07/17/03
UCF - GOLD 3-1 / ENV STD Total Suspended Solids at 3.9 mg/L 06/12/03 07/10/03
UCF - GOLD 4-1 / ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.03 mg/L 06/12/03 07/09/03
UCF - GOLD 4-1 / ENV STD Total Kjeldahl Nitrogen 0.41 mg/L 06/12/03 07/17/03
UCF - GOLD 4-1 / ENV STD Soluble Reactive 0.377 mg/L 06/12/03 07/11/03
UCF - GOLD 4-1 / ENV STD
. Phosphorous 
Total Phosphorous 0.379 mg/L 06/12/03 07/17/03
UCF - GOLD 4-1 / ENV STD Total Suspended Solids at 4.1 mg/L 06/12/03 07/10/03
UCF - GOLD 5-1 / ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.03 mg/L 06/12/03 07/09/03
UCF - GOLD 5-1 / ENV STD Total Kjeldahl Nitrogen 0.19 mg/L 06/12/03 07/17/03
UCF - GOLD 5-1 /  ENV STD Soluble Reactive 0.032 mg/L 06/12/03 07/11/03
UCF - GOLD 5-1 / ENV STD
Phosphorous 
Total Phosphorous 0.05 mg/L 06/12/03 07/17/03
UCF - GOLD 5-1 / ENV STD Total Suspended Solids at 5.4 mg/L 06/12/03 07/10/03
UCF - GOLD 6-1 /  ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.01 mg/L 06/12/03 07/09/03
UCF - GOLD 6-1 / ENV STD Total Kjeldahl Nitrogen 0.46 mg/L 06/12/03 07/17/03
UCF - GOLD 6-1 / ENV STD Soluble Reactive 0.028 mg/L 06/12/03 07/11/03
UCF - GOLD 6-1 / ENV STD
Phosphorous 
Total Phosphorous 0.032 mg/L 06/12/03 07/17/03
UCF - GOLD 6-1 / ENV STD Total Suspended Solids at 5.7 mg/L 06/12/03 07/10/03
UCF - GOLD 8-1 /  ENV STD
105 deg. C
Nitrate plus Nitrite as N 0.02 mg/L 06/12/03 07/09/03
UCF - GOLD 8-1 / ENV STD Total Kjeldahl Nitrogen 0.21 mg/L 06/12/03 07/17/03
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UCF - GOLD 8-1 / ENV STD Soluble Reactive 
Phosphorous
0.038 mg/L 06/12/03 07/11/03
UCF - GOLD 8-1 / ENV STD Total Phosphorous 0.057 mg/L 06/12/03 07/17/03
UCF - GOLD 8-1 / ENV STD Total Suspended Solids at 
105 deg. C
10.1 mg/L 06/12/03 07/10/03
UCF - GOLD 9-1 / ENV STD Nitrate plus Nitrite as N OiOl mg/L 06/12/03 07/09/03
UCF - GOLD 9-1 / ENV STD Total Kjeldahl Nitrogen 0.23 mg/L 06/12/03 07/29/03
UCF - GOLD 9-1 / ENV STD Soluble Reactive 
Phosphorous
0.185 mg/L 06/12/03 07/11/03
UCF - GOLD 9-1 / ENV STD Total Phosphorous 0.202 mg/L 06/12/03 07/17/03
UCF - GOLD 9-1 / ENV STD Total Suspended Solids at 4.9 mg/L 06/12/03 07/10/03
105 deg. C
UCF - GOLD 10-1 /E N V
STD
UCF - GOLD 10-1 /E N V
STD
U C F - GOLD 10-1 /E N V
STD
U C F - GOLD 10-1 /E N V
STD
U C F - GOLD 10-1 /E N V
STD
UCF - GOLD 1-2 / ENV STD 
UCF - GOLD 1-2 / ENV STD 
UCF - GOLD 1-2 / ENV STD 
UCF - GOLD 1-2 / ENV STD 
UCF - GOLD 1-2 / ENV STD
UCF - GOLD 2-2 / ENV STD 
UCF - GOLD 2-2 / ENV STD 
UCF - GOLD 2-2 / ENV STD 
UCF - GOLD 2-2 / ENV STD 
UCF - GOLD 2-2 / ENV STD
UCF - GOLD 3-2 / ENV STD 
UCF - GOLD 3-2 / ENV STD 
UCF - GOLD 3-2 / ENV STD 
UCF - GOLD 3-2 / ENV STD 
UCF - GOLD 3-2 / ENV STD
UCF - GOLD 4-2 / ENV STD 
UCF - GOLD 4-2 / ENV STD 
UCF - GOLD 4-2 / ENV STD 
UCF - GOLD 4-2 / ENV STD 
UCF - GOLD 4-2 / ENV STD
UCF - GOLD 5-2 / ENV STD 
UCF - GOLD 5-2 / ENV STD 
UCF - GOLD 5-2 / ENV STD 
UCF - GOLD 5-2 / ENV STD 
UCF - GOLD 5-2 / ENV STD
Nitrate plus Nitrite as N
Total Kjeldahl Nitrogen
Soluble Reactive 
Phosphorous 
Total Phosphorous
Total Suspended Solids at 
105 deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
0.02 mg/L 06/12/03 07/09/03
0.22 mg/L 06/12/03 07/29/03
0.066 mg/L 06/12/03 07/11/03
0.093 mg/L 06/12/03 07/17/03
9.6 mg/L 06/12/03 07/10/03
0.01 mg/L 07/02/03 07/15/03
0.10 mg/L 07/02/03 07/17/03
0,011 mg/L 07/02/03 07/11/03
0.009 mg/L 07/02/03 07/17/03
1.00 mg/L 07/02/03 07/10/03
0.01 mg/L 07/02/03 07/15/03
0.10 mg/L 07/02/03 07/17/03
0.027 mg/L 07/02/03 07/11/03
0.089 mg/L 07/02/03 07/17/03
5.78 mg/L 07/02/03 07/10/03
0.02 mg/L 07/02/03 07/15/03
0.65 mg/L 07/02/03 07/17/03
0.071 mg/L 07/02/03 07/11/03
0.216 mg/L 07/02/03 07/17/03
58.0 mg/L 07/02/03 07/10/03
0.05 mg/L 07/02/03 07/09/03
0.52 mg/L 07/02/03 07/17/03
0.239 mg/L 07/02/03 07/11/03
0.529 mg/L 07/02/03 07/17/03
74.8 mg/L 07/02/03 07/10/03
0.02 mg/L 07/02/03 07/09/03
0.25 mg/L 07/02/03 07/17/03
0.057 mg/L 07/02/03 07/11/03
0.128 mg/L 07/02/03 07/17/03
2.42 mg/L 07/02/03 07/10/03
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UCF - GOLD 6-2 / ENV STD 
UCF - GOLD 6-2 / ENV STD 
UCF - GOLD 6-2 / ENV STD 
UCF - GOLD 6-2 / ENV STD 
UCF - GOLD 6-2 / ENV STD
UCF - GOLD 8-2 /  ENV STD 
UCF - GOLD 8-2 /  ENV STD 
UCF - GOLD 8-2 / ENV STD 
UCF - GOLD 8-2 / ENV STD 
UCF - GOLD 8-2 / ENV STD
UCF - GOLD 9-2 / ENV STD 
UCF - GOLD 9-2 / ENV STD 
UCF - GOLD 9-2 / ENV STD 
UCF - GOLD 9-2 / ENV STD 
UCF - GOLD 9-2 / ENV STD
UCF - GOLD 10-2 /  ENV 
STD
UCF - GOLD 10-2 / ENV 
STD
UCF - GOLD 10-2 / ENV 
STD
UCF - GOLD 10-2 / ENV 
STD
U C F-G O LD  10-2/E N V  
STD
U C F - GOLD 1 - 3 / KIRK
ENVIRNMNTL
UCF - GOLD 1 - 3 / KIRK
UCF - GOLD 1 - 3 / KIRK
UCF - GOLD 1 - 3 / KIRK
U C F - GOLD 1 - 3 / KIRK
U C F - GOLD 2 - 3 / KIRK 
U C F - GOLD 2 - 3 / KIRK 
UCF - GOLD 2 - 3 / KIRK 
UCF - GOLD 2 - 3 / KIRK 
UCF - GOLD 2 - 3 / KIRK
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N
Total Kjeldahl Nitrogen
Soluble Reactive Phosphorous
Total Phosphorous
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
0.01 mg/L 07/02/03 07/09/03
0 10 mg/L 07/02/03 07/17/03
0.091 mg/L 07/02/03 07/11/03
0.098 mg/L 07/02/03 07/17/03
25.7 mg/L 07/02/03 07/10/03
0.02 mg/L 07/02/03 07/09/03
0.20 mg/L 07/02/03 07/17/03
0.063 mg/L 07/02/03 07/11/03
0.074 mg/L 07/02/03 07/17/03
3.16 mg/L 07/02/03 07/10/03
0.02 mg/L 07/02/03 07/09/03
0.43 mg/L 07/02/03 07/29/03
0,110 mg/L 07/02/03 07/11/03
0.210 mg/L 07/02/03 07/17/03
72.4 mg/L 07/02/03 07/10/03
0.01 mg/L 07/02/03 07/09/03
0.25 mg/L 07/02/03 07/29/03
0.081 mg/L 07/02/03 07/11/03
0.115 mg/L 07/02/03 07/17/03
4.62 mg/L 07/02/03 07/10/03
0.03 mg/L 07/29/03 08/26/03
0.10 mg/L 07/29/03 09/09/03
0.005 mg/L 07/29/03 08/20/03
0.008 mg/L 07/29/03 08/29/03
1.10 mg/L 07/29/03 08/20/03
0.01 mg/L 07/29/03 08/26/03
1.20 mg/L 07/29/03 09/09/03
0.015 mg/L 07/29/03 08/20/03
0.608 mg/L 07/29/03 08/29/03
5.10 mg/L 07/29/03 08/20/03
UCF - GOLD 3 - 3 / KIRK 
UCF - GOLD 3 - 3 / KIRK 
UCF - GOLD 3 - 3 / KIRK 
UCF - GOLD 3 - 3 / KIRK 
UCF - GOLD 3 - 3 / KIRK
U C F - GOLD 4 - 3 / KIRK 
UCF - GOLD 4 - 3 / KIRK 
UCF - GOLD 4 - 3 / KIRK 
UCF - GOLD 4 - 3 / KIRK 
UCF - GOLD 4 - 3 / KIRK
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105
0.03 mg/L 07/29/03 08/26/03
0.40 mg/L 07/29/03 09/09/03
0.098 mg/L 07/29/03 08/20/03
0.174 mg/L 07/29/03 08/29/03
11.2 mg/L 07/29/03 08/20/03
0,04 mg/L 07/29/03 08/26/03
0.40 mg/L 07/29/03 09/09/03
0.415 mg/L 07/29/03 08/20/03
0.517 mg/L 07/29/03 08/29/03
37.4 mg/L 07/29/03 08/20/03
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deg. C
UCF - GOLD 5 - 3 / KIRK Nitrate plus Nitrite as N 0.01 mg/L 07/29/03 08/26/03
UCF - GOLD 5 - 3 / KIRK Total Kjeldahl Nitrogen 0.10 mg/L 07/29/03 09/09/03
UCF - GOLD 5 - 3 / KIRK Soluble Reaetive Phosphorous 0.042 mg/L 07/29/03 08/20/03
UCF - GOLD 5 - 3 / KIRK Total Phosphorous 0.109 mg/L 07/29/03 08/29/03
U C F - GOLD 5 - 3 / KIRK Total Suspended Solids at 105 
deg. C
7.00 mg/L 07/29/03 08/20/03
UCF - GOLD 6 - 3 / KIRK Nitrate plus Nitrite as N 0.01 • mg/L 07/29/03 08/26/03
U C F - GOLD 6 - 3 / KIRK Total Kjeldahl Nitrogen 0.20 mg/L 07/29/03 09/09/03
UCF - GOLD 6 - 3 / KIRK Soluble Reactive Phosphorous 0.023 mg/L 07/29/03 08/20/03
UCF - GOLD 6 - 3 / KIRK Total Phosphorous 0.072 mg/L 07/29/03 08/29/03
U C F - GOLD 6 - 3 / KIRK Total Suspended Solids at 105 
deg. C
7.50 mg/L 07/29/03 08/20/03
U C F - GOLD 8 - 3 / KIRK Nitrate plus Nitrite as N 0.02 mg/L 07/29/03 08/26/03
UCF - GOLD 8 - 3 / KIRK Total Kjeldahl Nitrogen 0.20 mg/L 07/29/03 09/09/03
UCF - GOLD 8 - 3 / KIRK Soluble Reactive Phosphorous 0.022 mg/L 07/29/03 08/20/03
UCF - GOLD 8 - 3 / KIRK Total Phosphorous 0.067 mg/L 07/29/03 08/29/03
UCF - GOLD 8 - 3 / KIRK Total Suspended Solids at 105 
deg. C
5.90 mg/L 07/29/03 08/20/03
UC F - GOLD 9 - 3 / KIRK Nitrate plus Nitrite as N 0.03 mg/L 07/29/03 08/26/03
UC F - GOLD 9 - 3 / KIRK Total Kjeldahl Nitrogen 0.20 mg/L 07/29/03 09/09/03
UCF - GOLD 9 - 3 / KIRK Soluble Reactive Phosphorous 0.221 mg/L 07/29/03 08/20/03
UCF - GOLD 9 - 3 / KIRK Total Phosphorous 0.264 mg/L 07/29/03 08/29/03
UCF - GOLD 9 - 3 / KIRK Total Suspended Solids at 105 11.3 mg/L 07/29/03 08/20/03
UCF - GOLD - 1 0 - 3 /  KIRK 
UCF - GOLD - 1 0 - 3 /  KIRK 
UCF - GOLD - 1 0 - 3 /  KIRK 
UCF - GOLD - 1 0 - 3 /  KIRK 
UCF - GOLD - 1 0 - 3 /  KIRK
G C 1-4/K IR K  
G C 1-4/K IR K  
GC1-4/K1RK 
G C1-4/K IR K  
GC1-4/K1RK 
G C 1-4/K IRK  
G C 1-4/K IR K  
GC 1-4 /K IRK  
GCI -4 / KI RK  
G C1-4/K IR K  
G C1-4/K IR K  
G C1-4/K IR K  
GCI-4 /KI RK 
G C 1-4/K IR K  
GCI-4 /KI RK 
G C1-4/K IR K  
GC 1-4/K IRK  
G C 1-4/K IR K  
GC I - 4 /KIRK
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
G C l - 4 /  KIRK ENVIRON
deg. C
Nitrate plus Nitrite as N 
Total Kjeldahl Nitrogen 
Soluble Reactive Phosphorous 
Total Phosphorous 
Total Suspended Solids at 105 
deg. C
Nitrate plus Nitrite as N
Total Kjeldahl Nitrogen
Soluble Reactive Phosphorous
Total Phosphorous
Total Nitrogen
Chloride
Sulfate
Potassium
Cation Milliequivalent 
Anion Milliequivalent 
Calcium 
Magnesium 
Sodium
Sodium Adsorption Ratio 
Total Hardness as CaC03 
Hardness, Grains / Gallon 
Alkalinity in Water 
Carbonate
Bicarbonate as CaC03 
Total Suspended Solids at 105 
deg. C
0.02 mg/L 07/29/03 08/26/03
0.40 mg/L 07/29/03 09/09/03
0.072 mg/L 07/29/03 08/20/03
0.118 mg/L 07/29/03 08/29/03
25.2 mg/L 07/29/03 08/20/03
0.02 mg/L 10/17/03 10/27/03
0.10 mg/L 10/17/03 11/06/03
0.006 mg/L 10/17/03 10/22/03
0.006 mg/L 10/17/03 10/24/03
0.10 mg/L 10/17/03 11/14/03
6.22 mg/L 10/17/03 10/21/03
12.0 mg/L 10/17/03 10/21/03
0.700 mg/L 10/17/03 11/04/03
1.76 meq/L 10/17/03 11/06/03
1.15 meq/L 10/17/03 11/06/03
28.1 mg/L 10/17/03 11/04/03
3.40 mg/L 10/17/03 11/04/03
1.50 mg/L 10/17/03 11/04/03
0.1 (Ratio) 10/17/03 11/04/03
84.4 mg/L 10/17/03 11/04/03
4.90 gr/gal 10/17/03 11/04/03
36.0 mg/L 10/17/03 10/28/03
1.00 mg/L 10/17/03 10/28/03
36.0 mg/L 10/17/03 10/28/03
1.00 mg/L 10/17/03 10/29/03
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GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
GC2-4
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
GC2-4 / KIRK ENVIRON
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
GC3-4
/K IR K
/K IR K
/K IR K
/K IRK
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IRK
/K IR K
/K IR K
/K IR K
/K IRK
/K IRK
/KIRK
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
GC3-4 / KIRK ENVIRON
GC4-4
GC4-4
GC4-4
GC4-4
GC4-4
GC4-4
GC4-4
GC4-4
GC4-4
/K IRK
/K IRK
/KIRK
/K IRK
/K IRK
/KIRK
/K IRK
/KIRK
/K IRK
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
Nitrate plus Nitrite as N 0.01 mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.10 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.025 mg/L 10/17/03 10/22/03
Total Phosphorous 0.064 mg/L 10/17/03 10/24/03
Total Nitrogen 0.10 mg/L 10/17/03 11/14/03
Chloride 2.47 mg/L 10/17/03 10/21/03
Sulfate 10.5 mg/L 10/17/03 10/21/03
Potassium 1.90 mg/L 10/17/03 11/04/03
Cation Milliequivalent 4.39 meq/L 10/17/03 11/06/03
Anion Milliequivalent 4.22 meq/L 10/17/03 11/06/03
Calcium 65.9 mg/L 10/17/03 11/04/03
Magnesium 7.50 mg/L 10/17/03 11/04/03
Sodium 10.1 mg/L 10/17/03 11/04/03
Sodium Adsorption Ratio 0.3 (Ratio) 10/17/03 11/04/03
Total Hardness as CaC03 195 mg/L 10/17/03 11/04/03
Hardness, Grains / Gallon 11.4 gr/gal 10/17/03 11/04/03
Alkalinity in Water 198 mg/L 10/17/03 10/28/03
Carbonate 8.00 mg/L 10/17/03 10/28/03
Bicarbonate as CaC03 190 mg/L 10/17/03 10/28/03
Total Suspended Solids at 105
deg. C 1.00 mg/L 10/17/03 10/29/03
Nitrate plus Nitrite as N O.OI mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.18 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.031 mg/L 10/17/03 10/22/03
Total Phosphorous 0.075 mg/L 10/17/03 10/24/03
Total Nitrogen 0.18 mg/L 10/17/03 11/14/03
Chloride 2.56 mg/L 10/17/03 10/21/03
Sulfate 31.8 mg/L 10/17/03 10/21/03
Potassium 2.60 mg/L 10/17/03 11/04/03
Cation Milliequivalent 4.42 meq/L 10/17/03 11/06/03
Anion Milliequivalent 4.25 meq/L 10/17/03 11/06/03
Calcium 63.4 mg/L 10/17/03 11/04/03
Magnesium 10.5 mg/L 10/17/03 11/04/03
Sodium 7.40 mg/L 10/17/03 11/04/03
Sodium Adsorption Ratio 0.2 (Ratio) 10/17/03 11/04/03
Total Hardness as CaC03 201 mg/L 10/17/03 11/04/03
Hardness, Grains / Gallon 11.8 gr/gal 10/17/03 11/04/03
Alkalinity in Water 176 mg/L 10/17/03 10/28/03
Carbonate 1.00 mg/L 10/17/03 10/28/03
Bicarbonate as CaC03 176 mg/L 10/17/03 10/28/03
Total Suspended Solids at 105 
deg. C 2.00 mg/L 10/17/03 10/29/03
Nitrate plus Nitrite as N 0.03 mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.11 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.428 mg/L 10/17/03 10/22/03
Total Phosphorous 0.439 mg/L 10/17/03 10/24/03
Total Nitrogen 0.14 mg/L 10/17/03 11/14/03
Chloride 11.5 mg/L 10/17/03 10/21/03
Sulfate 244 mg/L 10/17/03 10/21/03
Potassium 7.30 mg/L 10/17/03 11/04/03
Cation Milliequivalent 8.74 meq/L 10/17/03 11/06/03
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GC4-4 / KIRK ENVIRON Anion Milliequivalent 9.01 meq/L 10/17/03 11/06/03
GC4-4 / KIRK ENVIRON Calcium 128 mg/L 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Magnesium 14.3 mg/L 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Sodium 22.7 mg/L 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Sodium Adsorption Ratio 0.5 (Ratio) 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Total Hardness as CaC03 378 mg/L 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Hardness, Grains / Gallon 22.1 gr/gal 10/17/03 11/04/03
GC4-4 / KIRK ENVIRON Alkalinity in Water 180 mg/L 10/17/03 10/28/03
GC4-4 / KIRK ENVIRON Carbonate 1.00 mg/L 10/17/03 10/28/03
GC4-4 / KIRK ENVIRON Bicarbonate as CaC03 
Total Suspended Solids at 105
180 mg/L 10/17/03 10/28/03
GC4-4 / KIRK ENVIRON deg. C 2.00 mg/L 10/17/03 10/29/03
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
GC5-4
/KIRK
/KIRK
/K IRK
/K IR K
/K IRK
/K IRK
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
GC5-4 / KIRK ENVIRON
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
GC6-4
/KIRK
/K IR K
/KIRK
/KIRK
/KIRK
/K IR K
/KIRK
/KIRK
/K IR K
/K IR K
/KIRK
/KIRK
/KIRK
/KIRK
/KIRK
/KIRK
/KIRK
/K IR K
/K IR K
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
Nitrate plus Nitrite as N O.OI mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.10 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.018 mg/L 10/17/03 10/22/03
Total Phosphorous 0.044 mg/L 10/17/03 10/24/03
Total Nitrogen 0.10 mg/L 10/17/03 11/14/03
Chloride 1.00 mg/L 10/17/03 10/21/03
Sulfate 23.5 mg/L 10/17/03 10/21/03
Potassium 2.10 mg/L 10/17/03 11/04/03
Cation Milliequivalent 3.35 meq/L 10/17/03 11/06/03
Anion Milliequivalent 3.12 meq/L 10/17/03 11/06/03
Calcium 52.9 mg/L 10/17/03 11/04/03
Magnesium 5.70 mg/L 10/17/03 11/04/03
Sodium 4.20 mg/L 10/17/03 11/04/03
Sodium Adsorption Ratio 0.2 (Ratio) 10/17/03 11/04/03
Total Hardness as CaC03 156 mg/L 10/17/03 11/04/03
Hardness, Grains / Gallon 9.10 gr/gal 10/17/03 11/04/03
Alkalinity in Water 130 mg/L 10/17/03 10/28/03
Carbonate 1.00 mg/L 10/17/03 10/28/03
Bicarbonate as CaC03 130 mg/L 10/17/03 10/28/03
Total Suspended Solids at 105
deg. C 3.10 mg/L 10/17/03 10/29/03
Nitrate plus Nitrite as N .0.01 mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.10 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.063 mg/L 10/17/03 10/22/03
Total Phosphorous 0.120 mg/L 10/17/03 10/24/03
Total Nitrogen 0.10 mg/L 10/17/03 11/14/03
Chloride 2.89 mg/L 10/17/03 10/21/03
Sulfate 132 mg/L 10/17/03 10/21/03
Potassium 4.70 mg/L 10/17/03 11/04/03
Cation Milliequivalent 7.40 meq/L 10/17/03 11/06/03
Anion Milliequivalent 7.27 meq/L 10/17/03 11/06/03
Calcium 118 mg/L 10/17/03 11/04/03
Magnesium 12.0 mg/L 10/17/03 11/04/03
Sodium 9.30 mg/L 10/17/03 11/04/03
Sodium Adsorption Ratio 0.2 (Ratio) 10/17/03 11/04/03
Total Hardness as CaC03 344 mg/L 10/17/03 11/04/03
Hardness, Grains / Gallon 20.1 gr/gal 10/17/03 11/04/03
Alkalinity in Water 222 mg/L 10/17/03 10/28/03
Carbonate 16.0 mg/L 10/17/03 10/28/03
Bicarbonate as CaC03 206 mg/L 10/17/03 10/28/03
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GC6-4 / KIRK ENVIRON
Total Suspended Solids at 105 
deg. C 1.00 mg/L 10/17/03 10/29/03
GC8-4 / KIRK ENVIRON Nitrate plus Nitrite as N 0.01 mg/L 10/17/03 10/27/03
GC8-4 / KIRK ENVIRON Total Kjeldahl Nitrogen 0.12 mg/L 10/17/03 11/06/03
GC8-4 / KIRK ENVIRON Soluble Reactive Phosphorous 0.020 mg/L 10/17/03 10/22/03
GC8-4 / KIRK ENVIRON Total Phosphorous 0.048 mg/L 10/17/03 10/24/03
GC8-4 / KIRK ENVIRON Total Nitrogen 0.12 mg/L 10/17/03 11/14/03
GC8-4 / KIRK ENVIRON Chloride 8.61 mg/L 10/17/03 10/21/03
GC8-4 / KIRK ENVIRON Sulfate 27.8 mg/L 10/17/03 10/21/03
GC8-4 / KIRK ENVIRON Potassium 2.40 mg/L 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Cation Milliequivalent 3.62 meq/L 10/17/03 11/06/03
GC8-4 / KIRK ENVIRON Anion Milliequivalent 3,66 meq/L 10/17/03 11/06/03
GC8-4 / KIRK ENVIRON Calcium 56.6 mg/L 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Magnesium 6.30 mg/L 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Sodium 5.00 mg/L 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Sodium Adsorption Ratio 0.2 (Ratio) 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Total Hardness as CaC03 167 mg/L 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Hardness, Grains / Gallon 9.80 gr/gal 10/17/03 11/04/03
GC8-4 / KIRK ENVIRON Alkalinity in Water 142 mg/L 10/17/03 10/28/03
GC8-4 / KIRK ENVIRON Carbonate 1.00 mg/L 10/17/03 10/28/03
GC8-4 / KIRK ENVIRON Bicarbonate as CaC03 142 mg/L 10/17/03 10/28/03
GC8-4 / KIRK ENVIRON
Total Suspended Solids at 105 
deg. C ■5.70 mg/L 10/17/03 10/29/03
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
GC9-4
/K IR K
/K IR K
/KIRK
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/K IR K
/KIRK
/K IR K
/K IR K
/KIRK
/KIRK
/K IR K
/KIRK
/KIRK
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
ENVIRON
GC9-4 / KIRK
GCIO-4 
GClO-4 
GCIO-4 
GClO-4 
GClO-4 
GC 10-4 
GCIO-4 
GClO-4
/KIRK
/K IR K
/K IRK
/KIRK
/K IR K
/KIRK
/KIRK
/K IR K
Nitrate plus Nitrite as N 0.01 mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.29 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.159 mg/L 10/17/03 10/22/03
Total Phosphorous 0,264 mg/L 10/17/03 11/11/03
Total Nitrogen 0.29 mg/L 10/17/03 11/14/03
Chloride 3.31 mg/L 10/17/03 10/21/03
Sulfate 109 mg/L 10/17/03 10/21/03
Potassium 5.90 mg/L 10/17/03 11/04/03
Cation Milliequivalent 6.01 meq/L 10/17/03 11/06/03
Anion Milliequivalent 5.92 meq/L 10/17/03 11/06/03
Calcium 89.4 mg/L 10/17/03 11/04/03
Magnesium 8.20 mg/L 10/17/03 11/04/03
Sodium 16.6 mg/L 10/17/03 11/04/03
Sodium Adsorption Ratio 0.5 (Ratio) 10/17/03 11/04/03
Total Hardness as CaC03 257 mg/L 10/17/03 11/04/03
Hardness, Grains / Gallon 15.0 gr/gal 10/17/03 11/04/03
Alkalinity in Water 178 mg/L 10/17/03 10/28/03
Carbonate 8.00 mg/L 10/17/03 10/28/03
Bicarbonate as CaC03 170 mg/L 10/17/03 10/28/03
Total Suspended Solids at 105 
deg. C 9.80 mg/L 10/17/03 10/29/03
Nitrate plus Nitrite as N 0.01 mg/L 10/17/03 10/27/03
Total Kjeldahl Nitrogen 0.16 mg/L 10/17/03 11/06/03
Soluble Reactive Phosphorous 0.046 mg/L 10/17/03 10/22/03
Total Phosphorous 0.090 mg/L 10/17/03 11/11/03
Total Nitrogen 0.16 mg/L 10/17/03 11/14/03
Chloride 2.81 mg/L 10/17/03 10/21/03
Sulfate 43.6 mg/L 10/17/03 10/21/03
Potassium 3.80 mg/L 10/17/03 11/04/03
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G C 10-4/K IR K Cation Milliequivalent 4.53 meq/L 10/17/03 11/06/03
G C 10-4/K IR K Anion Milliequivalent 4.67 meq/L 10/17/03 11/06/03
G C 10-4/K IR K Calcium 68.6 mg/L 10/17/03 11/04/03
G C 10-4/K IR K Magnesium 7.20 mg/L 10/17/03 11/04/03
G C 10-4/K JR K Sodium 9.60 mg/L 10/17/03 11/04/03
G C 10-4/K JR K Sodium Adsorption Ratio 0.3 (Ratio) 10/17/03 11/04/03
GClO-4 / KIRK Total Hardness as CaC03 201 mg/L 10/17/03 11/04/03
G C 10-4/K IR K Hardness, Grains / Gallon 11.8 gr/gal 10/17/03 11/04/03
G C 10-4/K IR K Alkalinity in Water 184 mg/L 10/17/03 10/28/03
GCIO-4/KIRK Carbonate 1.00 mg/L 10/17/03 10/28/03
GCIO-4/KIRK Bicarbonate as CaC03 
Total Suspended Solids at 105
184 mg/L 10/17/03 10/28/03
G C 10-4/K IR K deg. C 3.00 mg/L 10/17/03 10/29/03
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Appendix G: Stream  Discharge for the Gold Creek Basin, 2003
ft^/s 1 6/12/2003 7/2/2003 7/29/2003 8/13/2003 10/17/2003
GC1 j unwadeable 48.809 26.349 16.424 12.036
GC2 0.51 0.514 0.295 0.236
GC3 0.711 0.575 0.271 0.232 0.203
GC4 1.474 0.662 0.229 0.161 0.063
GC5 59.935 27.696 5.167 5.763 20.921
GC6 10.094 1.539 0.434 0.331 0.131
GC8 54.708 18.734 6.782 6.849 16.68
GC9 0.414 9.98 1.533 0.042 0.717
GC10 80.42 48.723 13.968 16.838 15.965
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Appendix H: Riparian Photographs
Figure 25 - Polygon A
Figure 26 - Polygon B
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Figure 27 - Polygon C
Figure 28 - Polygon C
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Figure 29 - Polygon D
Wi
Figure 30 - Polygon E
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Figure 31 - Polygon F
Figure 32 - Polygon G
80
Figure 33 - Polygon H, Griffin Creek's course is to the right, while an irrigation canal heads to the 
left
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